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ABSTRACT 
It is essential to sustain ever increasing challenges faced by cutting tool manufacturers in 
improving the performance of the tools during machining of difficult-to-cut materials which have 
been developed in recent times. Although coated tools have found wide application in industries, 
there still remains a considerable scope of improvement of the properties of coatings with a view 
to achieve environment-friendly dry machining. Surface treatment has been identified as one of 
the possible avenues which has the potential to augment properties and performance of coated 
tools in dry machining. The current research work has utilized micro-blasting of cutting tool 
substrates prior to coating deposition as well as coated surface in order to recommend optimal 
surface treatment technique for the development of a coated tool. AlTiN coating is deposited 
using cathodic arc evaporation and effect of micro-blasting both as pre-treatment as well as post-
treatment methodology is investigated on micro-structure, crystallographic orientation, grain 
size, coating adhesion and hardness. Effect of surface treatment has been finally studied during 
machining of 17-4 PH martensitic stainless steel. As-deposited AlTiN coating without any 
treatment has all along been considered for comparison. Results have clearly indicated micro-
blasting as pre-treatment technique considerably enhances coating adhesion while post-treatment 
results in increase in hardness. Since both the properties are essential in combating coating 
delamination and improving wear resistance, AlTiN coating with both pre- as well as post-
treatment techniques has demonstrated excellent promise in dry machining application. 
Significant reduction in cutting force up to 27% is observed using AlTiN coated tool subjected to 
both pre- and post-treatment. The same tool is also successful in bringing down in chip reduction 
co-efficient. While tool wear progression of only pre-treated and pre- as well as post-treated 
tools are similar under lower cutting speed (120 m/min), the latter clearly outperformed all the 
tools under higher cutting speed (150 m/min). 
Keywords: PVD coating, AlTiN layer, Micro-blasting, Surface morphology, Chemical 
composition, Surface roughness, Dry machining, 17-4 PH stainless steel, Tool wear
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CHAPTER 1 
INTRODUCTION 
The development and progress of societyare always based on ability and capacity of 
industrial production. In the era of cut throat competition it is always a challenge to augment 
productivity, product quality and profitability of products. With the advancement of new 
strategic materials, the machining industries are striving to develop advanced cutting tool 
materials in order to achieve the aforesaid objectives. However, this concept was difficult to 
materialize up to early 1970’s because of the higher wear rate of the tool, lower tool life as well 
as power loss. Machining of high strength materials that have application in the field of 
aerospace as well as automotive industries was very difficult because of the inadequate tool 
properties. There was of course paradigm shift in industries with the development of cemented 
carbide cutting tools in 1927. Gradually, carbon steel and high speed steel started getting 
replaced by cemented carbide tools. 
1.1 Cemented carbide tools 
One of the major drawback of tool steels is their inability to withstand high cutting 
temperature. Therefore, their use has been primarily restricted to machining application requiring 
low cutting speed. Moreover, these cutting tools suffer from rapid tool wear during machining 
high strength and heat resistant work materials. Cemented carbide which consists primarily of 
tungsten carbide bonded by cobalt was developed to overcome these limitations. These are 
manufactured by powder metallurgy technique and possess higher hardness and thermal stability 
compared to high speed steel tool materials. Hardness and compressive strength can be increased 
by decreasing the amount of binder material and smaller grain size. On the other hand, toughness 
can be increased by the addition of cobalt. There are various grades of cemented carbide. ISO K-
grade consisting of tungsten carbide and cobalt is mainly suitable for machining non-ferrous 
alloys and brittle materials like cast iron. For machining steel materials, it is required to impart 
sufficient resistance to diffusion. It is due to the fact that high degree of ductility results in strong 
and ribbon like chips and chip-tool contact area. Due to the tendency of iron to react with carbon 
to produce iron carbide at higher temperature, diffusion wear leading to the formation of large 
crater is a regular phenomenon for K-grade carbide during machining steel. Therefore, it is 
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required to add some alloying elements primarily consisting of carbides of titanium, tantalum 
and niobium that are much more stable. These grades of carbides belong to either P or M grade 
depending on the composition of cemented carbide. However, it has been seen for machining 
ferrous and non-ferrous alloys, highest level of productivity as well as quality are difficult to 
achieve. This necessitated the development of surface coating for cutting tools. 
1.2 Tool coating 
1.2.1 Need of coating 
The requirements of cutting tool materials at the bulk and at the surface is different and 
conflicting. The bulk of the material should have high compressive strength, toughness and high 
thermal conductivity. On the other hand, the surface needs to be hard, wear resistant, having 
good anti-friction property and low thermal conductivity. The apparent anomaly can be solved 
by depositing a coating of appropriate material(s) and thickness over the surface of cutting tools. 
Depending on the situations monolayer, multilayer or alternate layers consisting of different 
coating can be deposited. 
1.2.2 Beneficial effects of coating on cutting tools 
A great deal of benefits can be achieved by virtue of cutting tool coatings. Some of the 
prominent aspects are included below 
 Coating(s) can reduce cutting force and hence requirement cutting power by 20-50%. 
 Tool life can be enhanced by 100-250 % for the cutting velocity. Similarly, coating can 
allow elevation of cutting speed by 50-150% for the same tool life. The latter option is 
more preferable to the industries aiming for higher productivity. 
 Improved surface topography including high surface finish can be achieved with the 
coated tool.  
 Due to anti-friction properties of coating, usage of cutting fluid can also be minimized 
remarkably. This woulddefinitely promote environment-friendly machining. 
 Coated tool can provide resistance to diffusion, chemical attack, adhesion, mechanical 
abrasion and other forms of wear. 
 Friction occurring at chip-tool and work-tool interface can be substantially reduced 
leading to reduction in chip-tool contact length and prolonged tool life. 
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 Even after removal of coating from localized region, the same coating prevents 
accelerated growth of tool wear. 
 Retention of sharpness of cutting tool is also possible with physical vapour deposition 
(PVD) coating. 
 Thermal and form stability of the tools can be alsobe achieved. 
1.2.3 Performance of the coated tool 
Although all the advantages of the tool coatings are discussed above, the performance of 
the coated tools varies depending on various factors as mentioned below. 
 The type of the coating material. 
 The geometry and material of the substrate surface. 
 Coating technique used for deposition of the layer. 
 Thickness and uniformity of the provided coated layer. 
 Pre-treatment used for the surface modification. 
 The treatment provided to the coating (post treatment). 
 The conditions and environment adopted for the coating process. 
 Work material used for the machining operation. 
 Machining parameters such as speed, feed and depth of cut. 
1.2.4 Types of coatings 
Based upon the requirement, the coatings are of different types to enhance the 
performance of the tools. The classifications are based on nature, structure and composition of 
the coating. Accordingly, the coatings are classified as 
 Conventional hard coating. 
 Multi-component coating. 
 Multilayer coating. 
 Super lattice coating. 
 Super hard coatings. 
 Composite coatings. 
 Soft coatings.  
Table 1.1 shows the different types of coatings. 
 
4 
 
Table 1.1. Different types of coatings  
Type of coating Example 
Conventional hard coating TiC, TiN, TiCN, Al2O3 
Multi-component coating TiAlN, TiCrN, TiVN 
Multi-layer coating TiC/TiCN/TiN, TiAlN/AlCrN 
Super lattice coating TiN/NbN, TiN/VN 
Super hard coating Diamond, CBN 
Composite coating Ti+MoS2, TiN+MoS2 
Soft coatings MoS2, WS2 
1.3 Coating processes 
There are many ways to deposit a coating over a substrate. These processes are classified 
based on the techniques that they are adopted for putting a layer of material on the required 
surface. There are many ways to deposit the coating such as electro-plating, plasma coating, 
vapour deposition, thermal spraying etc. Vapour deposition processes are typically divided into 
two types which are 
1. Chemical Vapour Deposition (CVD) 
2. Physical Vapour Deposition (PVD). 
1.3.1 Chemical vapour deposition 
The process of depositing thin films over the surface of the heated substrate due to the 
chemical reaction between the gaseous species and the substrate is called the chemical vapour 
deposition process. The temperature usually varies in the range of 700 to 1100° C. The major 
advantages of CVD coating include very good adhesion and high deposition rate. CVD coatings 
are widely used in cutting tool and micro-electronics industry. The process can be summarized in 
the following steps 
 Mixture of reactant gases being introduced into the deposition chamber. 
 Heating of substrate to the desired value. 
 Movement of the gas towards the substrate 
 The reactants being adsorbed on the surface of substrate followed by chemical reaction 
to form the film over the substrate. 
 Evacuation of gaseous by-products from the chamber. 
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Depending upon the sources and reactor used for coating, CVD is again classified into 
atmospheric pressure CVD, low-pressure CVD, metalorganic CVD, photon (laser) inducted 
CVD and plasma enhanced CVD. TiC was one of the first CVD coatings for cutting tools 
followed by the coatings like Al2O3, TiCN and TiN. Some of these coatings are still in use for 
cutting tool applications. However, high deposition temperature often causes thermal residual 
stress leading to the formation of eta phase in the interface. This is one of the reasons for the 
failure of CVD coatings during machining. Moreover, owing to less toughness, CVD coated 
tools are not used for interrupted machining operations such as milling. Advancement of process 
variants such as plasma assisted CVD (PACVD) and moderate temperature CVD (MTCVD) has 
been useful in minimizing some of the detrimental effects. 
1.3.2 Physical vapour deposition 
The film deposition in PVD process is by the condensation of the vaporized form of the 
film material on the substrate surface at a particular deposition temperature and pressure. It is a 
low pressure (10
-2
 to 10
-3
 Torr) process and carried out in a vacuum chamber. In order to 
maintain contaminants-free environment during deposition, a base pressure of around 10
-6 
Torr is 
required. This is achieved by combination of vacuum pumps. This method of deposition of thin 
films consists of mechanical processes such as evaporation, ion sputtering rather than chemical 
methods. In order to obtain the uniform coating thickness, the substrates are subjected to rotation 
at a constant speed in all directions. During this process, material from the target surface is first 
vapourised and then finally condenses onto the substrates to form a thin solid film. One of the 
unique advantages of PVD includes better control of film micro-structure, composition variation 
and growth rate which finally affect the functional characteristics of the coatings. Depending on 
the film composition, PVD process is carried out in reactive or non-reactive mode. During 
reactive mode, suitable reactive gas is induced during deposition. Otherwise, during non-reactive 
mode, composition of deposited film directly corresponds to that of the target material. 
Improvement in structure and property of a PVD coating is also possible by low energy ion 
bombardment over the film during deposition. The different stages involved in PVD coating are 
schematically shown in Fig. 1.1. Maximum coating thickness of multi-functional PVD coatings 
is typically limited to 3 µm. Based on the energy used for vaporization of the film particles, these 
are classified into  
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 Cathodic arc evaporation (CAE) 
 Sputtering 
 Electron beam physical vapour deposition (EBPVD) 
 Pulsed laser deposition (PLD) 
 
 
 
Fig.1.1 Schematic diagram of different stages in PVD coating 
The main disadvantages of these coatings are the lower deposition rate, inability to coat a 
large area of hidden surfaces and difficulty in maintaining the coating stoichiometry and 
uniformity. Table 1.2 provides the major differences between the PVD and CVD coatings. 
Table 1.2. Differences between PVD and CVD coatings 
PVD technique CVD technique 
It is a physical process. It is a chemical process. 
No chemical reaction between condensing 
species and substrate. 
Chemical reaction takes place between the 
substrate surface and depositing coating. 
PVD process can be performed at low 
temperature (from room temperature up to 
400° C). 
CVD process is typically carried out higher 
temperature. 
It is a line-of-sight process. It is not a line-of-sight process. 
The thermal damages of the surfaces are very 
less due to the lower deposition temperature. 
Higher thermal damages to the substrate as 
well as the integrated system. 
Compressive stress is usually introduced into 
the coating. 
Tensile residual stress is induced into the 
coating due to high deposition temperature.  
This process is able to coat different substrate 
materials with different coatings. 
Coating materials are limited due to mismatch 
in thermal properties. 
Adhesion is comparatively less. Adhesion is higher due to chemical bond. 
Better control of coating micro-structure Such control is difficult in CVD process. 
Source 
Solid/Liquid 
Gaseous phase 
Solid phase (with 
different morphology) 
Evaporation 
Transportation and 
deposition 
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composition and growth rate. 
Deposition of multilayer coating consisting of 
large number of alternate layers can be 
conveniently achieved. 
Deposition of such multilayer coating is 
difficult. 
PVD coating in general provides smoother 
coating morphology. 
Usually coating morphology is rougher than 
that of PVD. 
Most suitable for machining processes where 
fluctuating loads are encountered (e.g. 
milling). 
Primarily suitable for continuous machining 
of homogenous materials. 
1.3.3 Commonly used PVD techniques for cutting tool applications 
1.3.3.1 Sputtering 
 Dislodgement of atoms from a material as a result of collision between the high-energy 
ionized particles is called sputtering. That is why this process is also called as momentum 
transfer process. The ejected particles are then directed to the surface on which thin film is to be 
deposited, condense on the surface and forms a thin film. The basic principle involved in 
sputtering is the conservation of momentum. Fig. 1.2 shows the mechanism of basic sputtering 
process. 
 
 
 
 
 
 
Fig. 1.2. Schematic diagram of mechanism of sputtering process [1] 
The process of sputtering begins when a substrate is placed in the environment of an inert 
gas in the chamber and when a negative charge is applied to the target. Free electrons coming out 
of the target collide with the molecules of inert gas (usually argon). As a result, positively 
charged gas ions are produced and accelerated towards the surface of the cathode (target). The 
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atoms or molecules are dislodged and become ionized inside the plasma. They then transport 
through the plasma before finally condensing on to the substrate to form a solid film. In most of 
the cases, the substrate is negatively biased to ensure in-situ bombardment of growing film with 
charged particles.  
One of the major limitations of sputtering is low deposition rate which can be overcome 
by introducing magnetrons in combination with the cathode. The process is called as magnetron 
sputtering. Magnetrons are useful in trapping the primary electrons thereby reducing the 
scattering loss of coating materials to the chamber walls. The degree of ionization can also be 
enhanced and hence sputter yields. 
 Based on the energy sources used for magnetron sputtering they are classified into direct 
current (DC) magnetron sputtering, alternating current (AC) magnetron sputtering and radio 
frequency (RF) magnetron sputtering. 
The magnetron sputtering is again classified into three types based on the arrangement of 
magnetrons at the inner and outer rays. 
1. Balanced magnetron sputtering. 
2. Unbalanced magnetron sputtering. 
3. Closed-field unbalanced magnetron sputtering. 
The generally used magnetron sputtering device is called the balanced magnetron 
sputtering in which plasma is concentrated near the target. All magnetic field lines are closed by 
the inner and outer poles. This is possible by using magnets having equal pole strength at inner 
and outer rays. In the second arrangement, the strength of magnets at the outer rings is higher 
than that at the inner ones, so that plasma can be stretched to the substrates which are kept some 
distance away from the cathode surface. Ionization efficiency and therefore sputter yield can be 
further enhanced by using multiple number of targets or cathodes. In such cases, arrangement of 
magnetrons can be so made that the magnetic field lines are closed among the different targets. 
Such configuration is known as closed-field unbalanced magnetron sputtering. 
1.3.3.2 Cathodic arc evaporation 
Cathodic arc evaporation is a process widely used in industries to deposit thin films of 
high quality and deposition rate. During the process, an arc produced by low voltage and high 
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current strikes on the surface of cathode (target) to generate dense and high energy plasma. This 
striking of arc on the target surface results in generation of “cathode spot” where the temperature 
ranges up to 15000° C. The cathode spot then emits material from the surface at a higher velocity 
leaving a crater on the surface. Such cathode spot is only active for a small period and then self-
extinguishes and re-ignites the new area close to the previous crater. By this time, the introduced 
reactive gas gets dissociated and ionized with the ion flux and produce a compound on the 
surface of the substrate. The deposited atoms penetrated into the surface, then lock with substrate 
surface resulting in higher adhesion. The penetration of the atoms is due to its high energy and it 
reduces the chance of presence of voids or completely eliminates the voids in the coating. Also, 
closer control of the coating morphology is also possible by the incident ions. The schematic 
diagram of the cathodic arc evaporation chamber with all components is shown in Fig. 1.3. 
 
Fig. 1.3. Schematic diagram of Cathodic Arc Evaporation (CAE) system 
Since the arc is a current carrying conductor, it can influence with an electromagnetic 
field. Hence the arc can move at a higher velocity from the target surface thus eroding total 
surface over time. This process is mainly used for depositing metallic, ceramic and composite 
films on the substrate surfaces. Coatings deposited using CAE are widely used in the field of 
cutting tools, forming tools, corrosion resistant and decorative coatings on door knobs, watch 
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band, shower heads and jewelry. This has the advantage of higher degree of ionization with 
consequences for film nucleation, film growth and efficient use of the substrate bias. 
This process allows the use of lower substrate temperature compared to other coating 
processes. This is due to the emitted ions having sufficient energy to form dense, compact films 
without the need of additional thermal energy provided on substrates. It also allows chemically 
accurate films over a wide range of gas pressures for reactive deposition. Therefore, it eases the 
precise control of pressure, reduces reworks, increases the yield and reduces the cost of the 
coating.  
1.3.3.3 Electron beam physical vapour deposition 
During this process, a target (anode) is bombarded with an electron beam by a charged 
tungsten filament under high vacuum. This causes the emission of target atoms in the gaseous 
form. The gaseous phase then condenses into a solid form on the substrate surface. Modern 
EBPVD techniques utilise ion beam to clean and etch the substrate surface as well as to achieve 
a controlled microstructure of the coating. These coatings find wide applications in the field of 
semiconductor industry, thermal and chemical barrier coatings in aerospace and in optics to 
accomplish the required transmissive as well as reflective property. The main disadvantages of 
this technique include inefficiency to coat the complex inner surface geometry and degradation 
of the electron gun with non-uniform deposition. 
1.3.3.4 Pulsed laser deposition 
The technique typically uses a focused Nd:YAG laser to vaporize a small section of solid 
target material in vacuum chamber in order to produce a thin film depending on the composition 
of the target material. The pulsed laser of ultra-violet wavelength is generally used to ablate the 
material from the target surface. By this process, coatings over many substrates having complex 
geometries can be performed over a wide range of background gas compositions and pressures. 
The process is generally carried out under ultra-high vacuum or in the presence of gases such as 
oxygen to get films of oxides. The nucleation and growth of the coating depend on the laser 
parameters, surface temperature, background pressure and characteristics of the substrate 
surface. Usually, the PLD process is carried out in two types of chambers i.e., a box type and a 
cylindrical type.  
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1.4 Surface treatments for PVD coatings 
With the development of advanced engineering materials having low machinability, it has 
become necessary to further augment the properties of PVD coating so that such materials can be 
machined with higher productivity and superior surface quality. Surface treatment prior to or 
post deposition of coating has been identified as one of the possible ways to improve properties 
and performance of PVD coatings. The selection of modification techniques depends on  
 Composition and characteristics of substrate material  
 Application of coated sample. 
 Degree of cleanliness required. 
 Cost of the process. The general purposes for using surface treatment of tool substrate 
prior to depositionwhichis known as pre-treatment include the following. To remove 
surface defects, if any, obtained from previous manufacturing process such as sintering 
and grinding. 
 To remove binder cobalt from the surface region and expose carbide grains to promote 
superior interlocking with coating. 
 To get rid of detrimental tensile stress obtained from previous manufacturing processes. 
This should primarily improve adhesion between coating and substrate. Surface treatment 
after deposition of coating is also sometimes required to achieve a smooth surface, densification 
of coating by removing porosity or porous structure and enhance the compressive strength of 
coating.  
 Mechanical treatments 
 Thermal treatments 
 Plasma treatments.  
1.4.1 Mechanical treatments 
1.4.1.1 Grinding 
Grinding is an abrasive machining process in which the material from the surface is 
removed with the help of abrasives on the grinding wheel. Grinding using large sized abrasives 
causes large removal of material from the surface. On the other hand, smooth surface with low 
material removal can be obtained with small sized abrasives. Grinding operation introduces 
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higher compressive stress to the substrate as well as higher stress gradients at the subsurface of 
substrates. The higher thermal and mechanical loads during the treatment squeeze a layer of 
cobalt on the cemented carbide substrate that affects badly on the adhesion strength for the 
coating. It also deteriorates the surface topography and surface integrity coated tool. The 
presence of grinding marks and metallic lustre are also not conducive for coating adhesion [2]. 
1.4.1.2 Polishing and lapping 
Polishing is a surface smoothening process that removes small amount of material from 
the top surface by abrasive materials. Here abrasives are glued to the surface of a rotating wheel 
and the process produces very smooth surfaces than that obtained with grinding. This process is 
effective in cleaning the surface of both ferrous and non-ferrous materials. Mainly aluminium 
oxides and silicon carbide abrasives are glued to the wheel for cleaning high tensile strength 
materials and brittle materials respectively. Besides, zirconium oxide is also used as an abrasive 
for surface modification. Fig. 1.4 shows the schematic diagram of a polishing machine. 
Load
Metal Disc
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Fig. 1.4. Schematic diagram of polishing process 
As a pre-treatment process, it removes almost all grinding grooves from the substrate 
surface and reduces the roughness of the same. This reduction in surface roughness is not good 
for good coating adhesion. Polishing itself is not a good method in removing large scratch marks 
and manufacturing defects present on the substrates. As a post treatment operation, it can reduce 
the surface roughness of the coating and make the surface smooth. This results in reduced 
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frictional characteristics of the coating [3]. But it does not have any effect on the hardness of the 
coating. 
1.4.1.3 Water peening 
It is a force controlled water propagation on to the surface of the required surface to 
generate a compressive residual stress on the surface. A jet of water impinges the surface of the 
material at a pressure of 40-120 MPa to obtain the required surface characteristics. Water 
peening can offer improved fatigue strength and resistance to corrosion of the treated surface. 
The increased fatigue life of the material is due to increased fatigue crack initiation life and 
reduced crack propagation time. Water peening also causes the plastic deformation of the 
subsurface of the substrates. This results in higher compressive stress at the substrate surface and 
reduced stress gradients at the subsurface of the substrates. The high-pressure water peening is 
also used to remove the cobalt binder present in the tungsten carbide substrate. This makes the 
interface of the coating-substrate stronger. Water peening also has the ability to make 
homogenous stress distribution throughout the surface [2]. Increasing number of water jet and 
pressure leads to erosion of the surface. The shearing force from the jets also results in the lateral 
cracks on the substrate surface [4]. 
1.4.1.4 Micro-blasting 
The process of directing a set of abrasive particles at high pressure from a nozzle in dry 
or wet stage to the surface of a substrate to remove some material is called micro-blasting. 
Micro-blasting removes the unwanted particles and contaminants from the surface and 
conditions the surface for further use. Micro-blasting of material surfaces enhance the hardness, 
wear, anti-corrosion, gliding behavior and wettability characteristics.  
Aluminium oxide, silicon carbide, zirconium oxide, sand particles, CBN and glass beads 
are typically used as blasting materials. Coarse blasting materials are preferred for large removal 
of material from the surface while smaller or fine grains are selected for small amount of 
material removal. Blasting of the surfaces with fine or smaller grains offers higher surface 
quality and surface finish. The abrasive particles size ranges in between 10-100 micron for rough 
or smooth finishing operation. Sharp-edged grains blasting resulting in more material removal 
from the surface with minimum plastic deformation on the other hand,with spherical grains, the 
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material removal is less and plastic deformation is higher. So the micro-roughening caused by 
the sharp edged grains are always higher than that caused by spherical grains. Fig. 1.5 (a) shows 
the schematic diagram of a wet blasting nozzles with different grain size and Fig. 1.5 (b) shows 
the micro-roughening caused by the sharp edged and spherical blasting grains. 
 
 
Fig. 1.5. (a) Schematic diagram of a wet blasting nozzle (b) Micro-roughening caused by the 
abrasive grains on the surface [6] 
Micro-blasting can be performed by mixing of particles with high pressure jet of water or 
air. Depending upon the carrier medium it is classified into wet or dry micro-blasting. If the 
particles are mixed with water, then removal of material is also accomplished by dragging of the 
grains on the surface. Micro-blasting as a pre-treatment operation in cemented carbide substrates 
is found to remove most of the cobalt binder thereby causing revelation of the carbide grains for 
better interlocking with the coating [5, 6]. The good interlocking is due to the decreased mean 
distance between the profile peaks and increased surface roughness. This process also introduces 
higher plastic deformation of the substrate and introduction of the compressive residual stress to 
the substrate surface [4]. As a post-treatment operation, it offers good densification of the coating 
(a) (b) 
15 
 
with less number of pores. The conditions and particles that are taken for micro-blasting also 
affects the properties of the coating. 
1.4.2 Thermal surface treatments 
1.4.2.1 Heat treatment 
Heat treatment is the controlled heating and cooling of the material to achieve the desired 
mechanical and physical properties. Through this the formability, hardness and machinability 
characteristics of the material can be increased. Mainly used heat treatment processes are 
annealing and tempering. PVD coatings decrease the compressive residual stress and the fatigue 
strength of the tool. This canbe overcome with the help of heat treatment. The wear and strength 
properties also can be altered through this treatment. Unlike in other surface treatments, there is 
no material removal whereas the properties of the materials are modified by extreme heating. But 
this process cannot enhance the adhesive characteristics of the coating with substrate. The main 
constraints during this process are coating thickness, oxidation behavior of coating and 
temperature restrictions. Increase in annealing temperature leads to reduced hardness of the 
coating and minimum corrosion resistance [7]. 
1.4.3 Plasma-based treatments 
1.4.3.1 Plasma etching 
The process of forcing a high speed stream of plasma to a surface to fabricate the 
properties of the surface is called plasma etching. In this, the plasma may be of charged particles 
or chargeless particles such as neutrons or radicals. Ar+H2 plasma cleaning on the steel substrate 
resulted in the removal of oxides and other contaminants present on the substrate surface. This 
leads to the formation of coarser top surface thereby increased substrate surface roughness. 
Hence better interlocking between the substrate-coating interface leads to improvement in the 
coating adhesion [8]. The grain refinement and reduction of pores in the coating can also be 
possible by plasma etching of substrate due to the availability of a large number of nucleation or 
defect sites [9]. The main disadvantage of this process is possible re-deposition of the non-
volatile materials and anisotropic properties over the substrate surface. 
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1.4.3.2 Ion etching 
Argon gas is introduced into the chamber in most of the cases to clean the surface of the 
substrate. As a result, all the oxide layers present on the substrate can be removed. Ion etching as 
an intermediate treatment of coatings helped to enhance the wear and corrosion resistance of the 
coating in the tough environment [10]. Increasing titanium ion etching on the tool steels 
augmented the coating adhesion by removing all the residual contaminants present on the surface 
[11]. Ion bombardment can also promote the growth of amorphous structure by diminishing the 
growth of crystallitic phase [12]. The main disadvantage of this process is toxicity of the used 
gases and chance of re-deposition of the non-volatile compounds on the substrate. 
1.4.3.3 High power impulse magnetron sputtering (HiPIMS) 
Substrate treatment in plasma environment is an effective way to enhance the properties 
of automobile parts, metal cutting tools and decorative items. This treatment results in the 
removal contaminants over the substrates and makes a clean substrate. The use of HiPIMS using 
metal ions is found to enhance the adhesion of the coating by sputter cleaning of the substrate. It 
also eliminates the substrate defects and provides a sharp interface for the better interlocking of 
coating and substrate. The coatings over HiPIMS treated surfaces also have higher load bearing 
capacity with smooth top surface [13]. HiPIMS also has the ability to promote good surface 
morphology of the growing film [14]. 
1.4.3.4 Plasma nitriding 
It is a thermo-chemical process in which mixture of nitrogen, hydrogen and optional 
carbon gas are used to modify the surface of a material. It is a low pressure process in which 
nitrogen rich nitrides are formed and decompose, release active nitrogen into the surface. This 
helped to increase the adhesion between the coating-substrate due to improved heat transfer at 
the interface. The plasma nitriding results in increased wear resistance of the coated layers. 
Based on the duration of nitriding, the process develops a strong layer on the substrate of 
material. By this, it increases the surface hardness and reduces the chance of plastic deformation 
of the substrate [15]. The plasma treatment gains its advantage due to its ability to optimize 
strength characteristics of the material independent of the base material. It is a costlier process 
and chance for the evolution of toxic gases are main disadvantages.
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Effect of mechanical and thermal surface treatments of substrate on 
physical and mechanical properties of PVD coating 
2.1.1 Micro-blasting  
One of the pioneering works on substrate treatment prior to deposition of PVD coating 
was reported by Tonshoff et al. [2, 16, 17].The effect of micro-blasting and water peening of 
previously ground cemented carbide (ISO P 25 grade) tool substrates was investigated on 
microstructure, composition and mechanical properties of 3 µm thick TiAlN coated tool. It was 
observed that grinding caused significant amount of compressive residual stress on the surface of 
substrate along with large stress gradients in the subsurface region. It also resulted in the 
formation of smeared layer of cobalt over the uncoated tool surface. The smeared cobalt is 
detrimental for coating adhesion and hence should be removed. This observation has been 
supported by several researchers [5,18, 19,20, 21]. Therefore, TiAlN coated tool deposited on a 
surface suffered from chipping thereby revealing the substrate. The micro-blasting and water 
peening were carried out in order to change the surface topography and surface integrity of the 
cemented carbide tools. The micro-blasting and water peening caused material removal whereas 
water peening caused abrasion and the carbide grains in the substrate became uncovered during 
the process.The water peening and micro-blasting resulted in the plastic deformation of the 
substrate surface and creates compressive residual stress in the subsurface of the carbide. During 
the micro-hardness test the micro-blasted tool substrate showed reduced depth of penetration as 
the indication of the increased interface strength. The treatments also offered the reduction of the 
interface load [16].It may be noted here that increased interface strength can be obtained if and 
only if the removal of Co- binder promotes the plastic deformation on the subsurface [2]. 
The grain size of the micro-blasting also plays a major role on the surface morphology 
and composition of the tool substrate. It was reported that plastic deformation was predominant 
when coarser grains were used, whereas abrasive effect dominated plastic deformation when the 
grain size in the range of 3-5 µm was considered. As a result removal of surface cobalt was more 
18 
 
and superior adhesion was obtained. On the contrary, use of grains of abrasives larger than those 
of cemented carbide caused poor adhesion due to large plastic deformation [2, 16]. 
Lapping may also be an option to improve surface finish prior to micro-blasting. 
Bouzakis et al. [5, 18,22], therefore, studied the influence of micro-blasting before deposition of 
PVD TiAlN coating was investigated on ground and lapped cemented carbide substrates. Surface 
roughness (Rt) of ground surface was more than lapped surface. Micro-blasting further increased 
Rt values significantly exposing the carbide grains by removing cobalt binder. It was found when 
Rt value was more than the radius of the carbide grain, holding strength of cobalt was sacrificed 
for micro-blasted and ground substrates. On the other hand, due to very less Rt value of lapped 
surface mechanical interlocking between carbide and TiAlN coating was very poor. Superior 
mechanical interlocking could be achieved with micro-blasting of lapped surface while 
maintaining the holding strength of cobalt with WC grains. This was attributed to lower Rt value 
(less than the radius of carbide grains) of micro-blasted and lapped surfaces compared to ground 
and micro-blasted surfaces. Surface roughness was also characterized by mean spacing between 
consecutive peaks of the profile and represented as Rsm. Better mechanical interlocking was 
promoted by minimizing the value of Rsm with the help of micro-blasting of ground and lapped 
substrates. Micro-blasting caused lattice deformation of WC grains and hence promoted the 
formation of nucleation sites consisting of TiAlCN. This was due to accelerated movement of W 
and C atoms in the coating-substrate interface during lattice deformation of WC. Improved 
mechanical interlocking along with formation of nucleation sites due to micro-blasting was 
responsible for improved coating adhesion. Mechanism of micro-blasting in micro-roughening of 
ground and lapped substrates promoting mechanical interlocking and adhesion has been 
illustrated in Fig. 1.5. Impact test showed that micro-blasted and coated sample withstood more 
loads and the coating failed area ratio was lower. On the other hand, on polished and coated 
sample the coating failure was higher due to lower adhesion and took place by intense fracture. 
Decrease in adhesion on samples without micro-blasting was related to higher mean spacing of 
the roughness peak[18]. Improvement in adhesion due to prior micro-blasting was also discussed 
in [23]. 
Mechanical treatment of tool is an important step of process chain for tool reconditioning 
[24]. After tool life was over, the coated tool was decoated, during which tensile residual stress 
was induced effecting reduction in strength. It was therefore subjected to strengthening blasting 
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using larger grains (above 40 µm), followed by sharpening and micro-blasting using finer grains 
(less 40 µm) prior to coating deposition. Two different types of abrasives were used viz. sharp 
edged Al2O3 and spherical ZrO2. Best strengthening blasting was achieved with Al2O3 grains 
under high pressure. Optimal combination of mechanical properties of the recoated tool was 
obtained using ZrO2 grains with a pressure of 0.4 MPa or Al2O3 grains with a pressure of 0.4 
MPa.  
Interestingly, adverse effect of micro-blasting on properties of PVD coating has also been 
reported [25, 26, 27].The wear behavior of micro-blasted roller bearings and washers obtained 
with Al2O3 grains of size 10 µm at a pressure of 3 bars prior to deposition of WC/C coating was 
compared with same coated bearings but without micro-blasting. During the service period, wear 
of the micro-blasted and coated washers and bearings was about 4 times than that of unblasted 
coated surface. The failure of coatings on the washers was due to the larger roughening of the 
substrate as a result of micro-blasting and hence larger height of roughness peaks which is 
unwanted from tribological view point. The larger plasticity index (dimensionless number which 
indicates contact of rough surfaces) of micro-blasted surfaces indicated a larger stress in the 
micro-blasted surface and led to larger fatigue inclination for the same load [25]. 
To evaluate the surface changes and adhesion properties of austenitic stainless steel drag 
grinding using aluminium oxide and micro-blasting with glass microspheres of size  90 µm for a 
time duration of 30 s and at a pressure of 2 bar were carried out on the substrate prior to the 
coating of the PVD AlTiSiN layer. Micro-blasting resulted in improved compressive stress and 
superficial surface roughness while drag grinding particles resulted in the edge rounding of the 
tool similar to micro-blasting and smoothening at the surfaces. A small amount of edge rounding 
is required to reduce the accumulation of residual stress on the cutting edges and hence 
possibility of delamination of coating from the edge. On micro-blasted surfaces small 
depressions, craters and presence of glass particles were observed while drag ground surface had 
no such defects. Adhered glass particles were further removed by compressed air or argon ion 
etching prior to the coating deposition. Polishing of the surface took place due to drag grinding 
which removed the deformed surface thereby reducing the residual stress on the surface and 
resulting in crystallographic structures which lead to good chemical bonding of the substrate 
with the coating. On the other hand, micro-blasted substrates roughness was higher than that of 
untreated sample due to the micro cracks on the surface. As a result, coating adhesion on drag 
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ground surface was superior to that micro-blasted and untreated substrate. Another reason behind 
lower adhesion in micro-lasted surfaces was larger amount of radial fissures and the presence of 
glass particles which resulted in removal of more amount cobalt thus diminishing binding 
property. Moreover, lower roughness of the substrate also facilitated lower roughness of the 
coating which in turn reduced friction coefficient and adhesive wear during tribological test [26]. 
Similarly, according to Adoberg et al. [27], higher surface roughness caused due to micro 
abrasive blasting (MAB) is detrimental for coating adhesion and tribological properties. 
Entrapment of abrasive material (SiC) was also noted. In fact, prior grinding was effective in 
improving surface finish and hence tribological responses.  It is evident from the foregoing 
discussion that micro-blasting was not beneficial in improving coating adhesion and tribological 
properties. Since surface condition prior to micro-blasting was not known in the aforesaid 
studies, it may be presumed that lapping or polishing process preceding  micro-blasting could 
have improved the performance as suggested by Bouzakis et al. [5, 18]. In other words, too much 
roughening cannot be allowed since it would remove excess binder material and weakening bond 
of carbide grains. Similarly, care should also be taken to ensure there is no entrapment of 
blasting particles on the substrate after the process.  
2.1.2 Effect of grinding with and without subsequent plasma nitriding 
It is known that compressive residual stress in the substrate is beneficial for better coating 
adhesion [28]. At the same time, hardness of the substrate is also important since lower value 
would promote plastic deformation during scratch test leading to crack formation and premature 
delamination of coating [29].  In addition to micro-blasting, another pre-treatment process which 
has good potential is plasma nitriding. Therefore, Sprute et al. [30] investigated the influence of 
grinding with different abrasives such as SiC and diamond, with and without plasma nitriding 
prior to deposition of monolayer (TiAlN) and multi-layer (Ti/TiAlN) coatings on their different 
mechanical properties. It was observed that softer SiC grains introduced much less compressive 
stress into HSS substrate than harder diamond grits. The depth of deformed region below surface 
was also less during SiC grinding, although heat input to the surface was higher compared to that 
for diamond grinding. However, situation could be significantly altered when SiC grinding was 
followed by plasma nitriding which produced maximum compressive stress. This was attributed 
to extremely distorted crystal lattice caused by finely dispersed nitrides and dissolved nitrogen 
atoms into iron lattice. Similarly, hardness and surface roughness was also maximum. This was 
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the reason why the coated samples with prior SiC grinding and plasma nitriding exhibited 
highest coating adhesion during scratch test as well as lowest wear during tribological test. 
Similar effect of pre-treatments was found on both monolayer and multilayer coating 
architectures.  
2.1.3 Heat treatment 
The effect of heat treatment on the foreign object damaged (FOD) aluminium alloy 
during the deposition of 3 µm thickened PVD WC/C coating were studied using 5 samples, i.e., 
smooth uncoated (S), smooth coated (SC), uncoated damaged by FOD (D),damaged and then 
coated (DC)and coated and then damaged (CD). The substrates were damaged with spherical 
hard steel shots of 2 mm diameter. The FOD on the surfaces resulted in deformation and which 
was more in uncoated sample with more surrounding regions deformations. The coating of 
samples resulted in the decrease of ultimate tensile stress value as well as tensile stress value. 
The increase in the hardness value in both tools was due to strain hardening as a result of impact. 
At a fatigue load of 10
4
, 10
5
 and 10
6
 loads, the coated tool showed an increased fatigue resistance 
of 8% compared to the uncoated tool while the fatigue resistance of damaged smooth tool 
decreased by 18% and decreased fatigue resistance of 29% was observed in coated damaged 
tool. The best fatigue life was observed in the case of damaged and then coated tool and in that 
case the fatigue life increased by 11%. The fatigue limits of the damaged coated tool decreased 
due to radial crack development and multiple notches as a result of the damage. In all foreign 
objects damaged tool the experienced decrease in fatigue limit was due to the presence of cracks 
and fracture on the surface [31]. 
2.1.4 Effect of mechanical pre-treatments on residual stress states of coating-substrate 
system 
Residual stress in cutting tool plays a major role in the performance during machining. 
While thermal load primarily contributes to generation of tensile residual stress, mechanical 
influence is mostly responsible for compressive residual stress. Tensile stress is detrimental since 
it leads to crack propagation and growth, finally causing premature tool damage due to cohesive 
failure. Compressive stress, on the other hand, restricts growth of cracks and is useful in 
augmenting tool life. However, too much compressive stress might result in edge chipping. 
Manufacturing of coated tool involves a number of stages each of which contributes to 
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modifying the stress situation. While sintering and grinding introduce a small amount of 
compressive stress, shot peening induces a larger amount of the same. Shot peening is an 
essential requirement for creation of micro-roughening of the substrate prior to coating 
deposition.  Subsequent etching process which is typically used to remove binder phase (cobalt) 
from the surface helps in relieving compressive stress shifting it to the direction of tensile 
residual stress. The same trend continues during coating deposition also. However, the residual 
stress in the sub-surface of the substrate should be compressive in order to avoid cohesive failure 
(removal of coating with substrate material adhering to it). It may be noted that both thermal and 
mechanical load play a part in relieving compressive stress during etching and deposition stage 
[32, 33]. 
It has been recently observed that if grinding is replaced by short pulse laser processing 
of carbide tool substrate for achieving appropriate edge radius and other surface features, it 
might be beneficial for better coating adhesion. At the same time, due to larger heat input, 
significant amount of tensile residual stress is induced making the tool prone to cohesive failure. 
Therefore, appropriate care should be taken to complement such stress with compressive one by 
subsequent shot peening technique and etching [32, 33]. 
2.1.5 Laser surface treatment 
Laser surface treatment of cutting tools prior to coating deposition has been found to be 
another effective technique for improvement of characteristics of PVD coating. Ti-6Al-4V alloy 
was subjected to laser treatment in nitrogen atmosphere prior to the deposition of 2 µm thick 
PVD TiN layer in order to enhance the adhesion between the coating and substrate. The 
strengthening of the base alloy was caused by formation of TiN layer on the substrate surface 
and nitrogen atoms occupied the vacant interstitial sites in Ti-alloy. This resulted in the 
formation of dendrite structure in the region near the laser treated surface. Grain size was smaller 
in the surface region due to higher nitrogen concentration and the size increased as the distance 
from the surface increased. As a result, micro-cracks or porous structures were not observed in 
the heat affected region of the surface of the substrate. The laser treated TiN coated tool reached 
a prolonged steady state friction stage due to the smooth transition in the plastic shearing 
resistance between substrate and the TiN coating compared to uncoated tool and untreated TiN 
coated tool. Rate of wear for laser treated TiN coated tool was also significantly less than that of 
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its untreated counterpart. The laser treated surface exhibited enhanced micro-hardness up to a 
depth 40 µm below surface [34, 35]. 
Fabrication of surface textures using laser over the different tool substrates before coating 
deposition also showed some promise. HSS substrates were subjected to laser treatment for 
cleaning as well as texturing prior to the deposition of 2 µm thick PVD TiN layer. The surface 
texturing and cleaning were carried out for two times in order to avoid the overlapping and 
spacing between the craters to enhance the surface homogeneity. Laser texturing at high power 
density led to complete removal of oxide layer on the substrate.  Generation of a new surface 
consisting of molten droplet as a result of surface melting also took place. On the other hand, 
texturing at low power density resulted in incomplete removal of oxide layer and its residues 
remained in the surface. In the case of non-textured tools, the detachment was caused due to 
shearing of the interface between the coating and substrate while in the case of textured tools, the 
detachment spots were very less due to the developed irregularities increased the adhesion as a 
result of laser treatment [36]. Similarly, texturing was also carried on cemented carbide 
substrates prior to the coating of the PVD TiAlN layer. After laser treatment of the substrate with 
a power of 9 W the incomplete melted regions were observed due to the insufficient laser energy 
on the substrate while at a laser power of 15 W the complete melting of the carbide grains were 
observed and in both cases as a result of laser treatment the cobalt content on the surface 
decreased below 5%. After coating, all surfaces showed defects such that droplets adhered to the 
coating surface as a result of the PVD coating. The results also showed that the textured surfaces 
caused more surface roughness which increased with laser power and enhanced the mechanical 
anchoring of the coating and substrate and also acted as a barrier against slipping of the coated 
layer. As a result of the laser texturing, decarburization of the substrate as well as chemical 
modification of the exposed carbide grains occurred due to formation of WC1-x phases at the 
surface. This led to lattice parameter of the substrate similar to that of TiAlN phase which is 
responsible for improved coating-substrate adhesion [37]. In a recent study reported by Viana et 
al. [38],  significant improvement in coating adhesion as confirmed by scratch test and Rockwell 
indentation  has been obtained with of coated tool with prior laser texturing compared to that of 
micro-blasting. In general, micro-blasted sample exhibited larger area of delamination during the 
adhesion tests than the laser textured counterpart. Formation of random and disordered micro 
cavities during micro-blasting unlike in laser surface texturing was given as possible explanation. 
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Although, possibility of inducement of detrimental tensile stress and consequent formation of 
surface micro-cracks was dwelt upon, it was not clear how these aspects were taken care of and 
superior coating adhesion was achieved.  
2.2 Effect of mechanical surface treatments of substrates on machining 
performance of PVD coating 
2.2.1 Micro-blasting 
Tonshoff et al. [2, 16] studied the effect of micro-blasting on performance of PVD TiAlN 
coated drill bit during dry machining of Ck 45 tempered steel. 8.5 mm diameter cemented 
carbide (P25) drill bit was used to drill blind hole with a depth of 2.5 times its diameter using 
cutting speed of 80 m/min and feed of 0.16 mm/rev. High shearing loads during dry drilling 
caused in homogenous wear of untreated PVD coated drill bit whereas more uniform wear along 
with reduced width of flank wear was noted for coated drill bit with prior micro-blasting. 
Similarly, influence of manufacturing processes such grinding and polishing of WC 
substrates prior to micro-blasting and subsequent deposition of PVD TiAlN coating was 
evaluated during milling at a cutting speed of 200 m/min, depth of cut of 0.117 mm to obtain a 
flank wear width of 0.2 mm [5]. The coated tool with prior grinding and micro-blasting 
performed up to 55x10
3
 number of cuts, whereas polished and micro-blasted tool resulted in 
around 65x10
3
 number of cuts. The performance of polished or ground coated tools (without 
micro-blasting) was inferior with 28x10
3
 and 35x10
3
 number of cuts respectively. Superior 
cutting performance of polished and micro-blasted coated tool was due to excellent coating 
adhesion which in turn was the consequence of less value of surface roughness (Rt) than the 
radius of carbide grain along with lower mean spacing of roughness peaks (Rsm). Poor coating 
adhesion over polished substrate was attributed to minimum number of roughness peaks and 
higher mean spacing of roughness peaks (Sm=210 µm)[18].Finite element analysis was carried 
out in the same study for better interpretation of the wear results. In the analysis, Rsm and Rt 
values were considered and the roughness profile was treated as sinus function. The analysis 
showed that Von Misses peak stress on the polished substrates appeared at the transient region of 
rake and flank surface which was higher than the yield stress of the coating. This over stressed 
region exhibited sudden failure of coating and lowered tool life. On the other hand, enhanced 
adhesion of the micro-blasted and polished substrate case, the Von Misses peak stress was lower 
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and it appeared on the outer surface of the flank surface of coating hence the wear decreased 
[5].While using different types of abrasives for micro-blasting prior to deposition on  gear 
hobbing tool, it was shown that minimum wear of zirconium oxide blasted tool was obtained at a 
blasting pressure of 0.4 MPa during hobbing with a cutting speed of 240 m/min and a feed of 5 
mm/rev. At higher pressure it worsened while the optimal limit for aluminium oxide was 0.6 
MPa beyond which residual stress negatively affected the wear performance of the tool [24]. 
Different results have also been reported. Beneficial aspects of drag grinding as superior 
mechanical pre-treatment to micro-blasting has been studied by Abia et al. [26] on dry turning of 
AISI 304L austenitic stainless steel. Corresponding coated tool exhibited less value of flank wear 
along with better uniformity in wear. Less cutting force in combination with better surface finish 
of the workpiece compared to that for micro-blasted and coated tool were observed. Edge 
chipping was observed for both untreated and micro-blasted coated tools while wear was more 
for the latter. Sudden escalation in cutting force and surface roughness was also recorded in 
micro-lasted and coated tool.  Poor performance of the coated tool with prior micro-blasting was 
ascribed to rougher blasted surface compared to drag ground surface. Therefore, controlled 
micro-roughening is always recommended for optimum performance of micro-blasted and 
coated tools [5]. 
2.2.2 Sand blasting 
Nouveau et al. [39] investigated the influence of wet micro-blasting (termed as sand 
blasting in the article) of wood cutting tool (called as knife) using corundum grains of 15 µm 
diameter during micro-peeling of beech wood.  One of the knives was treated for single cycle of 
duration 20 s, while the others for two cycles (with total duration of 40 s). Pressure for all cases 
was 4.5 bar. The tools after micro-blasting were coated with PVD CrAlN. At the same time, 
untreated and only micro-blasted (without coating) samples were also considered for 
comparison. Improvement in wear resistance due to only sand blasting was noted in comparison 
with only unmodified tool. Further improvement could be achieved with the coated tools. The 
coated knife with dual cycle treatment enabled four times more machining than the unmodified 
knife. On the other hand, coated tool with single cycle micro-blasting permitted machining 
which was twice than the untreated one. The performance of the same treated tool was, however, 
better than uncoated and treated tool. Unmodified knife exhibited trace of brittle fracture only 
after machining of 80 m, while sand blasted tool failed in ductile mode after 1500 m machining 
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which was due to sand blasting technique resulting in modification of cutting edge radius, hence 
its geometry and release of stress. The same effect was more pronounced with the tool subjected 
to micro-blasting for 40 s prior to deposition of CrAlN coating. All treated and coated tools 
showed less cutting force (both and Fxc and Fyc) than the uncoated (untreated and only treated) 
tools. While Fxc was almost same for all the coated samples (with both single and dual cycle 
treatments), effect of blasting duration was more prominent when Fyc was considered. The coated 
tool with 40 s of micro-blasting resulted in minimum cutting force for the entire length of cut 
(3000 m).  Minimum coefficient of friction was also noted for the same treated tool. Therefore, it 
may be concluded that micro-blasting was necessary for increasing edge radius, while coating 
was beneficial from tribological view point.   
 
2.2.3 Laser treatment 
In recent times, laser surface texturing has become an emerging technique prior to 
coating deposition. The performance of laser textured and PVD TiN coated tool compared with 
untreated TiN coated one was evaluated in drilling operation [36].During drilling of 100 holes at 
a speed of 22 m/s using both types of tools, the feed force and torque in the non-textured tool 
increased and showed increased wear rate as the number of holes and feed force increased. On 
the other hand, force for textured tool was always constant and growth of torque with number of 
holes was smaller due less tool wear with the coated drill with prior laser texturing. Feed force 
and torque for drilling the first hole was, however, same for both the tools. At increased drilling 
speeds, the non-textured tools failed permanently. Thus the laser textured and coated tool 
resulted in the increased tool life and lower wear rate. Similar advantageous effect was also 
noted during dry turning operation with a cutting speed of 300 m/min and feed of 0.1 mm/rev 
[37]. It was observed that the laser treatment increased the tool life of the 15 W laser treated tool 
than 9 W treated coated tool and the failure of the standard tool caused mainly due to notch wear 
as a result of the abrasion between the hard chip and the notch of the tool, while in the case of 
laser treated one failure was due to flank wear. The study also revealed that the laser texturing 
with air atmosphere was more efficient in providing the good adhesion compared to the water 
atmosphere.  
Recent research work on laser texturing of cutting tool prior to deposition even 
highlighted its superior performance in machining compared to micro-blasting [38].The 
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machining performance of different treated AlCrN and TiAlN coated tools was assessed during 
milling of CGI, grade 450 at a cutting speed of 150 and 300 m/min, feed of 0.1 and 0.3 mm/tooth 
and a depth of cut of 1 mm. At higher feed, laser textured AlCrN tools showed higher material 
removal rate compared to its micro-blasted counterpart and at low feed laser textured TiAlN 
coated tools exhibited more material removal. The higher removal of material is due to better 
anchoring of coating on the substrate. Poor performance was noted with the micro-blasted and 
coated tool. The coatings were gradually plucked off from the rake and flank surface of the tool 
with progression of machining. The lower adhesion characteristics of the micro-blasted tool 
generated more fragmented particles during machining and which further accelerated tool wear. 
However, reason of failure of micro-blasted samples was not discussed. Perhaps, optimal 
condition of micro-blasting along with prior finishing treatment could have improved the cutting 
performance of the micro-blasted tools. 
2.3 Effect of post deposition mechanical and thermal treatments on physical 
and mechanical properties of PVD coatings 
 
Interestingly, post deposition surface treatment has also been found to be effective in 
improving various properties of PVD coatings. Primarily two processes have been studied 
namely micro-blasting, annealing and laser treatment. 
2.3.1 Micro-blasting 
Effect of micro-blasting of cathodic arc evaporated CrN coated tool steel on adhesion, 
hardness and residual stress was evaluated by Montesano et al. [40]. The results revealed that 
post deposition micro-blasting was beneficial in getting rid of the micro-droplets from the 
surface. These droplets which are characteristic features of cathodic arc evaporation technique 
act as nucleation sites for chipping and buckling of coating leading to cohesive failure during its 
intended operation. Scratch test results indicated improvement in resistance to cohesive failure 
(LC1), without any change in coating adhesion (LC2) in comparison with untreated coated 
sample. No significant modification in hardness of CrN could be noticed with micro-blasted tool. 
However, significant improvement in compressive stress both in coating as well as in substrate 
was evident after post deposition micro-blasting which would in turn enhance resistance of the 
coating to fatigue failure. Bouzakis et al. [23, 27, 41, 42] also discussed about increase in 
hardness (hence lower depth of nano-indentation), yield strength and compressive residual stress 
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for coating subjected to micro-blasting in comparison with untreated coated sample. It has also 
been observed that condition of micro-blasting play a pivotal role on characteristics of coatings 
which finally affect their functional performance.   
2.3.1.1 Effect of pressure and duration 
Control of process pressure and duration is important in micro-blasting since they affect 
the characteristics of coating favourably as well as adversely. Bouzakis et al. [22, 43] evaluated 
the effect of micro-blasting 3 µm thick PVD TiAlN coating deposited on cemented carbide using 
Al2O3 grains of diameter 10 µm at different pressures of 0.2, 0.4 and 0.6 MPa. It was observed 
that increase in process pressure and duration induced good hardness, while the elastic modulus 
of the tool remained same after coating. As a result, depth of penetration during nano-indentation 
at a load of 15 mN was less with increase in pressure and time. This also resulted in abrasion and 
hence reduction in coating thickness in the rake surface while in flank surface there was no 
change in the coating thickness. Enlargement of cutting edge radius also takes place as a 
consequence of micro-blasting while the change in cutting edge roundness was more with higher 
process pressure and duration. Due to micro-blasting at a process pressure of 0.6 MPa, average 
coating thicknesses was reduced to 1.3 µm and at the cutting edge it became zero and substrate 
revelation occurred. Similar observation has also been reported in a separate study [44].  Increase 
in compressive residual stress was also noted which was attributed to enlargement of plastically 
deformed region owing to increase in blasting pressure [41, 45]. 
2.3.1.2 Effect of abrasive materials 
Effect of dry micro-blasting grain quality on PVD TiAlN coatings which was coated on 
carbide substrate was investigated using sharp edged Al2O3 and spherical ZrO2grains [24, 44]. 
The Al2O3 grains were of 5-15 µm size and the coated surfaces were subjected to blasting at 0.2, 
0.4 or 0.6 MPa for 60 s with both the grains. Micro-blasting with sharp edged Al2O3 grains 
resulted in increased abrasion on the crater surface and the abrasion increased with process 
pressure and micro-blasting duration compared to ZrO2 blasted surfaces. As a result of the 
abrasion and chipping by Al2O3 grains on the coated surface, the surface roughness of the 
coating increased. On the other hand, with ZrO2 grains there was no abrasion on the crater 
surface of the coating due to the micro-blasting and the effect of material deformation was high 
due to non-roughening action. But the material deformation in Al2O3 micro-blasted surface was 
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comparatively low due to some initial kinetic energy was used for chipping action from the 
coated surface thus resulted in increased roughness and lower nano-hardness compared to ZrO2 
micro-blasted surfaces under the same testing conditions. As the micro-blasting pressure 
increased to 0.6 MPa the deformation was more in the case of ZrO2 micro-blasted surfaces lead 
to increased hardness and brittle fracture of the coating. It was found that enlargement of the 
cutting edge radius in the case of ZrO2 micro-blasted sample took place above 0.4 MPa beyond 
which substrate revelation took place. Similar trend was also found during wet micro-blasting 
under similar condition [46]. The micro-blasting with sharp edged Al2O3 grains on the coated 
surface resulted in deeper penetration with narrow width providing a local deformation caused 
micro-chipping at the surface and hence increase in surface roughness and nano-hardness 
compared to ZrO2 micro-blasted surface. The validation of the hardness of the coating with a 
load of 15 mN also showed the same result and the increased process pressure resulted in 
decreasing the indentation depth (i.e. increase in hardness) for the both abrasives. This was due 
to increased residual compressive stress of the coated material. The yield stress of the coating in 
the case of Al2O3 micro-blasting was more compared to the ZrO2 micro-blasted surface due to 
the higher deformation of the surface. The change in residual stress was more observed in Al2O3 
micro-blasted surfaces due to large plastic deformation and that was invariable up to process 
pressure of 0.4 MPa. Nano-scratch test of as-deposited sample and those micro-blasted using 0.2 
and 0.4 MPa showed that micro-blasting of coating augmented resistance of wear of as-deposited 
coating, while maximum wear resistance was obtained for a pressure of 0.2 MPa. The impact test 
showed that at a load of 30 mN, as-deposited and Al2O3 micro-blasted tool failed but the ZrO2 
micro-blasted tool failed at a load of 40 mN due to lower brittleness and demonstrated increased 
impact depth at that load. Increase in cutting edge roundness and coating thickness reduction was 
also more in Al2O3 micro-blasted surface for same increase in process pressure. 
2.3.1.3 Effect of grain size 
Bouzakis et al. [47] considered variation of grain size in the range of 10 to 100 µm during 
wet micro-blasting on PVD TiAlN coated cemented carbide substrate at pressures of 0.2 to 0.4 
MPa and for a time duration of 4 s. It was observed that micro-blasting with fine grained 
particles resulted in more material removal from the surface due to micro-chipping thereby 
increasing surface roughness and the remaining energy of the grains was used for the plastic 
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deformation of the surface. Thus surfaces micro-blasted with fine grains exhibited lower nano-
hardness compared to the surfaces blasted with coarser grains. While in the case of coarse grains, 
the entire kinetic energy was consumed for plastic deformation of the surface. Thus coarse grain 
blasted surfaces possessed higher nano-hardness and lower surface roughness. In the case of 
coarse grain blasted surfaces, higher residual stress of the surfaces was observed at a pressure of 
0.3 MPa compared to other blasting pressures and fine grain blasted surfaces. Thus increase 
micro-blasting pressure with coarse grained particles was found to increase the coating hardness 
and yield stress, thereby decreasing the coating thickness near the cutting edge region over a 
pressure of 0.4 MPa. As a result of micro-blasting increase in cutting edge radius was reported 
for both type of grains and which was more intense after 0.2 MPa in the case of coarse grain 
micro-blasted surfaces. Coarse grained particles also resulted in decrease in coating thickness 
above 0.4 MPa. Therefore, higher mechanical and thermal loads were exerted on the cutting edge 
leading to chipping. Similar observation has also been reported in another study by the same 
authors [48]. 
2.3.1.4 Effect of environment 
PVD TiAlN layer on cemented carbide substrate was subjected to wet and dry micro-
blasting with different Al2O3 grain sizes to optimize the parameters in terms of abrasive size and 
process pressure for the best performance of the tool [47]. The PVD films were treated with 
Al2O3 grains of size varying from 10 to 100 µm at a process pressure of 0.2 to 0.4 MPa for a time 
duration of 4 s. Dry blasted grains resulted in more roughness than wet blasted surfaces due to 
sudden impact by the dry particles on the surface leading to rebounding of the grains and most of 
the kinetic energy being used for material removal. On the other hand, wet blasted surfaces 
exhibited larger abrasion on the surface by dragging. Since whole energy utilised in causing 
plastic deformation of the surface by the grains under dry environment, the nano-hardness was 
also higher. The fine grains resulted in lower indentation depth and the substrates remained 
unaffected but higher particle size resulted in larger indentation depth of 800 µm thereby causing 
substrate revelation and subsequent coating failure by brittle fracture. In the case of dry blasted 
surfaces with fine grains above 0.3 MPa pressure, coating thickness was reduced to zero, while 
in wet blasted surface with fine grains, substrate revelation resulted at 0.4 MPa. However, for 
coarse grain blasting substrate exposure took place at a lower value of pressure.  The cutting 
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edge radius increased with micro-blasting pressure for both fine and coarse grain blasted surface, 
but its effect was more pronounced during micro-blasting using coarse grains under dry 
condition.  
2.3.2 Heat treatment 
Post deposition thermal treatment also plays an important role in altering the structure 
and properties of PVD coatings. Bouzakis et al. [49] studied the influence of annealing on 
behavior of PVD TiAlN coated cemented carbide (K05-K20). Both high temperature i.e., above 
750° C and medium temperature annealing i.e., below 500°C were carried and as-deposited 
coating without any treatment was considered for comparison. During nano hardness test, three 
regions of elastic, plastic and large plastic deformation were observed and the plastic deformed 
region could not regain its initial state after the removal of load. From the coating stress strain 
curve, it can be observed that the medium temperature annealed tool enhanced the mechanical 
properties of the tool while the high temperature annealing resulted in deterioration of the same 
compared to those of as-deposited sample. Rockwell indentation test using conical indenter with 
a load of 150 daN showed that adhesion was more in the case of medium annealed tool while the 
high temperature annealed sample showed more removal of coating from the substrate and poor 
adhesion than the as-deposited sample. Similarly, fatigue test on post-treated samples for 10
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impacts showed that medium annealed tool sustained up to a load of 52.5 daN without any 
failure, while the high temperature annealed tool exhibited diminished fatigue strength of 35 daN 
due to the poor adhesion which was lower than as-deposited tool. Therefore, selection of suitable 
annealing temperature is of considerable significance.  
In order to avoid superficial oxidation at annealing temperature and its consequent 
influence on film composition and mechanical properties, annealing of the same coating was 
carried out under Ar atmosphere at deposition temperature of 450 °C [50]. Impact of coating 
thickness and annealing duration on mechanical properties of the coating was studied. Initial 
improvement in hardness with progression of annealing duration and subsequent stabilization or 
deterioration was evident for coatings independent of their thickness. However, maximum 
hardness was achieved only after 5 min of annealing for thinner coatings (2 to 4 µm thick), while 
for thicker coatings (8 to 10 µm thick), it took longer duration (around 60 min) to attain peak 
hardness. Alternation in hardness with annealing duration was influenced by two competing 
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mechanisms. Decrease in hardness with time was attributed to modification of crystal 
microstructure and consequent dislocation movement of film grains. On the contrary, increase in 
hardness with time could be explained by reinforcement of grain boundaries due to diffused 
atoms and hence restricted grain boundary dislocation. Since thicker coatings possessed larger 
superficial grains, dislocation movement up to grain boundaries would be also larger. Therefore, 
longer duration was required to achieve successful arresting of grain boundary leading to 
maximization of hardness.  No alternation in coating surface roughness as a result of annealing 
was however noted. 
Interestingly, Kulikovsky et al. [51] highlighted the relevance of N2/Ar ratio during 
deposition of SiCN coating on its post deposition annealing performance. The coatings were air 
annealed in a furnace at temperatures of 700, 900 and 1100° C for 30 min and vacuum annealed 
at a temperature of 900° C for 1 h.  In general, coating thickness (after annealing) decreased with 
decrease in N2/Ar ratio (during deposition) and vice versa. The decreased film thickness after 
annealing was due to partial crystallization of SiC in the structure whereas increased thickness of 
coating was due to the redistribution of the atoms in the film as a result of annealing and also 
responsible for film composition and structure. Increased annealing temperature at air resulted in 
depletion of carbon and nitrogen content from the surface thereby increasing oxygen content at 
the surface. The C/N ratio, however, remained same after treatment because the carbon and 
nitrogen were released simultaneously. Vacuum treatment and air annealing at 700° C resulted in 
increase in hardness and elastic modulus regardless of N2/Ar ratio due to atomic short range 
ordering, while increased N2/Ar value resulted in fall in hardness in vacuum treated surface. Air 
annealed surface at 1100° C led to fall in hardness and higher oxygen content which exhibited 
graphite-like structure of the coating in the inner layer of the structure. 
PVD coatings which are typically used to enhance resistance to wear and corrosion of 
aluminium alloys are some sometimes responsible for deterioration in yield and ultimate tensile 
strength along with fatigue strength of the alloys. This is primarily due to temperature of 
deposition which is higher than ageing temperature and it leads to undesirable growth of 
strengthening precipices of the previously heat treated alloy.  Oskouei and Ibrahim [52, 53] 
successfully utilized solution heat treatment followed by artificial ageing after deposition process 
in order to restore the properties of aluminum alloy 7075 T6, lost during deposition of PVD TiN 
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coating. A reduction in yield strength, ultimate strength and Vickers hardness of 78%, 54% and 
63% due to coating deposition was noted for the already heat treated alloy. Percentage 
elongation was also increased by 42%. Interestingly, post deposition heat treatment improved 
yield and ultimate strength by 243% and 77% respectively. Hardness and percentage elongation 
was also restored. Furthermore, the heat treated tool showed an improvement of 468% in fatigue 
life as a result of re-dissolving of the strengthening mixture. 
2.3.3 Laser treatment 
High power diode (HPD) laser treatment using 0.5 and 0.7 kW power on different PVD 
coatings such as CrN, TiAlN, TiCN caused significant alteration in micro-structure of tool steel 
substrate [55]. While spallation, crack propagation and delamination of CrN and TiAlN coatings 
along with substrate re-melting were evident, TiCN coating exhibited improved coating adhesion 
due to laser treatment. Micro-structural alternation was less pronounced for the same coated 
sample.  However, more detailed study is recommended in order to achiever deeper insight on 
the influence of post deposition laser treatment.  
2.4 Effect of post deposition mechanical surface treatments on machining 
performance of PVD coated tools 
2.4.1 Micro-blasting 
The machining performance of the variously pressure Al2O3 micro-blasted PVD TiAlN 
film deposited on cemented carbide substrate were evaluated using milling experiment at a 
cutting speed of 200 m/min and a depth of cut of 0.117 mm. The micro-blasted substrate at a 
pressure of 0.2 MPa resulted in the higher tool life of 170000 cuts with a flank wear of 0.2 mm 
while all other tools micro-blasted with other pressures and untreated tool performed much lower 
amount of cut. At a pressure of 0.6 MPa, edge roundness and coating removal occurs from the 
substrate there by thermal barrier at the cutting edge roundness was locally damaged showed 
deteriorated machining results [22, 42, 43]. While, higher blasting pressure was detrimental for 
machining performance irrespective of blasting abrasives such as Al2O3 and ZrO2, effect was 
more prominent for the former type of grain [44]. In fact, at a process pressure of 0.2 MPa, the 
Al2O3 micro-blasted TiAlN coated tool resulted in 130x10
3
cuts for a flank wear of 0.2 mm while 
similar cutting performance i.e. 122x10
3
 cuts could be achieved with ZrO2 abrasive but at higher 
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pressure of 0.4 MPa. This could be attributed to different deformation mechanism of coating due 
to different types abrasives and grain kinematics at various pressures as discussed previously 
[46]. In separate studies, it was further reported that same coated tools wet blasted with fine 
grains at a process pressure of 0.3 MPa exhibited increased tool life of 105x10
3
 cuts due to 
increased hardness compared to 0.2 MPa process pressure. But when the pressure was increased 
to 0.4 MPa, it resulted in increased coating brittleness and decreased tool life due to coating 
removal and substrate exposure. The excellent machining performance was observed in wet 
micro-blasting with coarse grained particles ensured a larger number of cuts of 130x10
3
 for the 
same flank wear of 0.2 mm. For coated tools subjected to dry blasting, wear resistance improved 
at a low pressure with fine grains [47, 48]. Bouzakis et al. [54] also exhibited improvement in 
cutting performance of coated cutting stick (during machining bevel gear) with post deposition 
micro-blasting on prior micro-blasted tool substrate (i.e. combination of both pre- and post-
treatment). While, 30x10
3
 number of cuts were obtained with as-deposited stick blade for a 0.15 
mm of flank wear, the coated stick with prior micro-blasting produced larger number of cuts 
(80x10
3
) corresponding to same flank wear. Interestingly, the coated blade with both pre- and 
post-treatment demonstrated best performance with the highest number of cuts i.e. 120x10
3
. It 
was explained that improvement in coating adhesion was obtained with prior micro-blasting, 
whereas additional coating micro-blasting ensured superior surface integrity resulting in 
mitigated friction between rake surface and flowing chip along with that between flank and 
machined surface. However, no alteration in superficial mechanical properties was reported.  
2.4.2 Annealing 
Bouzakis et al. [49] demonstrated the influence of post deposition annealing (with high 
and medium temperature as discussed previously) of TiAlN coated tools on their cutting 
performance during milling of 42CrMo4V workpiece using a cutting speed of 100 m/min and a 
depth of cut of 0.117 mm. It was observed that wear first affected the flank face near the cutting 
edge and first coating failure took place after 4.5x10
3
 cuts in the case of as-deposited tool, while 
the one with medium temperature annealing exhibited increased tool life (7x10
3
 cuts). On the 
contrary, the tool with high temperature annealing exhibited first coating failure much earlier 
compared to the other two tools. After the first sign of failure, its further propagation was more 
intense in as-deposited sample compared to the one with medium temperature annealing. The 
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same tool also sustained for highest number of cuts of 10
5
 corresponding to flank wear of 0.2 
mm. While the performance of both as-deposited sample as well as the high temperature 
annealed one was poorer, worst damage was obtained with the latter.  High Von Misses 
equivalent stress on the tool rake face was responsible for early failure of the coated tools with 
post deposition high temperature annealing. 
Effect of duration of post deposition annealing on cutting performance was assessed 
during milling operation using 4 and 10 µm thick TiAlN coated tools. In general thicker coating 
provided better resistance to wear. Best cutting performance in terms of maximum number of 
cuts (145x10
3
) corresponding to a constant flank wear of 0.2 mm was obtained with the tool with 
10 µm thick coating subjected to 30 min of annealing.  On the other hand, the tool with 4 µm 
thick coating demonstrated maximum resistance to wear with 5 min. of annealing and resulted in 
a tool life of 65x10
3
 number of cuts. The performance of both the annealed tools was however 
superior to the as-deposited coated tools.  
2.5 Summary of review and objectives of the present investigation 
From the review of past literature, it is evident that appropriate surface treatment before 
or after deposition of coating plays a major role in adapting physical, mechanical and tribological 
properties of PVD coating.  As a consequence, the functional attributes of the coatings can also 
be suitably tailored.  
Both pre- as well as post-treatment techniques modify various aspects of surface integrity 
such as surface roughness, microstructure, residual stress and hardness of substrate and coating. 
While one of the key advantages of pre-treatment includes augmentation in interfacial strength, 
post treatment primarily results in improvement in compressive strength, hardness and surface 
finish.  It is also noted that one of the prominent functional performances of PVD coatings that 
has been aimed at is machining.  
Review also points out that, over the years, micro-blasting has been considered as a 
standard mechanical technique as a surface treatment although other mechanical and thermal 
treatments have also been adopted.  Although most of the research was concentrated on pre- and 
post-treatment separately and discussed their characteristics, the integration of both the 
techniques in a particular coating is scarce. Moreover, a keen study of the literature would also 
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indicate that effect of various treatments has been frequently investigated in milling operation for 
which PVD coatings are primarily recommended. However, recent advancement in PVD coating 
also makes it possible to successfully utilize PVD coated tool for continuous machining 
processes such as turning and drilling. This is particularly so for difficult-to-cut materials. 
Nevertheless, information on influence of surface treatment on cutting performance of PVD 
coatings in turning operations is relatively rare. It can also be noticed that tool life has been 
provided principal emphasis without much attention towards cutting forces, chip-tool interface 
friction and detailed mechanism of wear of coated tools. In order to achieve deeper insight on the 
mechanism of micro-blasting as both pre- and post-treatment methodology and its impact on 
various aspects of machining characteristics, the current research endevaour has been 
undertaken. 
The current study, therefore, considered micro-blasting as a mechanical surface treatment 
for AlTiN coating deposited using cathodic arc evaporation (CAE) on cemented carbide tool 
insert.  Influence of pre- and post-treatment on different physical and mechanical characteristics 
of the coating was investigated.  Machining performance of the coated tool was evaluated during 
dry turning of 17-4 PH martensitic stainless steel. The specific objectives of the work include 
1. to study alteration in various physical characteristics of deposited AlTiN coating such as 
surface morphology, microstructure, crystallographic orientation, crystallite size, lattice 
strain and chemical composition as a result of micro-blasting as pre-treatment, post-
treatment and combination of both separately.  
2. to evaluate the influence of micro-blasting as a pre-treatment or post-treatment or 
combination of both on the cohesive and adhesive strength, roughness and composite 
hardness of AlTiN coating. 
3. to investigate the performance of untreated and differently treated AlTiN coated tools in 
dry turning of 17-4 PH stainless steel in terms of various cutting forces, apparent 
coefficient of friction in machining, chip reduction coefficient and wear of coated tools so 
that the effect of micro-blasting both as pre- and post-treatment on cutting performance 
can be established.  
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CHAPTER 3 
EXPERIMENTAL METHODS AND CONDITIONS 
3.1 Details of cutting tool substrate 
Cemented carbide insert of SCMT 120408 geometry was used as the cutting tool 
substrate. The substrate has the basic composition of 94% cemented carbide and 6% cobalt as 
binder. It is ISO K-20 grade cemented carbide substrate generally not suited for steel machining 
due to lower resistance to crater wear.  However, there is a potential of improving the 
characteristics using coating and to avoid using expensive P-grade carbide. Prior to deposition, 
carbide tool substrate is micro-blasted which is called pre-treatment process. The Table 3.1 gives 
the details about basic geometry of the cutting tool. 
Table 3.1.Geometry of the selected cutting tool insert 
S – Shape of the insert 90° 
C – Clearance angle 7° 
M – Medium Tolerance +/- 0.005” 
T – Hole 40-60° double countersink 
12 – Cutting edge length 12 mm 
04 – Nominal thickness of the insert 4 mm 
08- Nose radius 0.8 mm 
 
3.2 Micro-blasting as pre-treatment and post treatment technique 
The basic principle of micro-blasting is similar to that of abrasive jet machining. 
However, the primary objective in micro-blasting is to effect deformation not material removal. 
Current study considers both prior and post deposition micro-blasting separately and also 
combines them in a single coating system AlTiN. Dry blasting of the cemented carbide substrate 
with sharp edged Al2O3 grains has been used for surface modification of the substrate and 
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coating. The average size of the abrasives used for surface modification is 50 µm and the 
particles were forced through to impinge on the surface through a nozzle. Table 3.2 displays 
different conditions used for micro-blasting as pre- and post-treatment technique. 
Table 3.2.Variables and conditions of micro-blasting process 
Particle Al2O3 grains 
Process duration 15s 
Nozzle diameter 0.25 mm 
Average diameter of the abrasive 50 µm 
Blasting pressure during pre-treatment 0.6 MPa 
Blasting pressure during post-treatment 0.3 MPa 
 
3.3 Coating deposition 
AlTiN coating was deposited on cemented carbide substrate using cathodic arc 
evaporation (CAE) technique at Oerlikon Balzers India Ltd. coating plant using multi-target RCS 
coating system. The substrates were already ultrasonically cleaned at various stages and dried in 
a furnace prior to deposition. AlTiN coating having slightly higher atomic percentage of Al than 
Ti has been chosen as the coating material. AlTiN coating is typically recommended for 
machining difficult-to-cut materials including high temperature alloys, due to its higher hardness 
and thermal stability than TiAlN coating with equal atomic percentage of Ti and Al. AlTiN 
coating actually forms a thin layer of aluminium oxide during machining operation thus 
enhancing its high temperature stability [56, 57]. Fig.3.1 shows a photographic images of AlTiN 
coated insert. 
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Fig. 3.1.  Photographic image of AlTiN coated turning insert 
The deposition parameters for AlTiN coating are discussed in Table 3.3 as also 
mentioned in [58]. 
Table 3.3. Deposition parameters for AlTiN coating 
Target Al, Ti 
Target power (kW) 7 
Substrate Cemented carbide (K-20 grade) 
N2 pressure (Pa) 3.5 
Base pressure (Torr) 10
-6
 
Substrate target distance (mm) 150 
Substrate temperature (ºC) 450 10 
Ar flow rate (mL/min) 800 
N2 flow rate (mL/min) 1100 
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Table 3.4. Properties of PVD AlTiN coating [59] 
Properties AlTiN Coating 
Coating colour 
Grey 
Micro-hardness (HV0.05) 3,000 
Coefficient of friction against steel 0.35 
Max. service temperature (˚C) 1000 
Residual compressive stress (GPa) 3.0 
Coating temperature (˚C) < 500 
Coating structure Single layer, Lamellar 
 
3.4 Samples description 
Four types of samples were considered for experimentation. The details of these have 
been provided in Table 3.5. 
Table 3.5. Description of different samples selected for characterization 
Sample ID Description 
C 
AlTiN coated insert without any surface 
treatment. (as-deposited coating) 
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M+C 
AlTiN coated tool with prior micro-blasting 
(only pre-treated) 
C+M 
AlTiN coated tool with post deposition 
micro-blasting (only post-treated) 
M+C+M 
AlTiN coated tool with both prior and post 
deposition  micro-blasting (pre- and post-
treated) 
 
3.5 Physical characterization 
3.5.1 Scanning Electron Microscopy (SEM) 
In order to analyze the top surface morphology of coated cemented carbide substrates, 
samples after coating and micro-blasting treatment were subjected to scanning electron 
microscopy using SEM-JEOL-JSM-6480 LV machine shown in Fig. 3.2. SEM has been 
primarily used to characterize the condition of the tool after machining. 
 
Fig.3.2. Photographic image of the machine for SEM 
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Elemental composition of the substrate and coating was determined by EDS (INCA, 
Oxford Instruments, UK) microanalysis combined with the SEM. EDS detector that was used for 
analysis is equipped with ultra-thin window and is capable of detecting the elements heavier than 
beryllium.  Bulk and point EDS were carried out at an accelerating voltage of 20 kV on specific 
sites of the samples to know the possible variation in the composition.  EDS was also used to 
check the possible material adhesion on coated tools during machining. 
3.5.2 Field Emission Scanning Electron Microscopy (FESEM) 
The working principle of the FESEM is very similar to SEM. However, this can be used 
to analyse the micro-structure of the coatings at a higher magnifications with superior resolution. 
Field-emission cathode in the electron gun of a scanning electron microscope provides narrower 
probing beams at low as well as high electron energy, leads to improved spatial resolution and 
minimized sample charging and damage. Surface morphology and coating fractographs of the as-
deposited and different treated coated samples were analyzed using FESEM system (make: FEI, 
model: NOVA NANO SEM 450) at magnifications of 10,000X so as to examine the 
microstructures, surface roughening as well the coating growth. The images were taken at an 
accelerating voltage of 5 kV.  The photographic image of the machine is shown in Fig. 3.3. 
 
Fig. 3.3. Photographic image of the machine for FESEM 
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3.5.3 X-Ray Diffraction (XRD) 
Grazing incidence X-ray diffraction (GIXRD) technique was adopted for the phase 
identification of various samples for different types of coating. In order to ensure stronger peak 
from the thin film, GIXRD is preferred to conventional one.  So GIXRD gives a more closely 
accurate measurement through which surface information or depth profiling on randomly 
oriented polycrystalline materials can be identified. GIXRD makes use of the X-rays generated 
from Cu cathode ray tube to produce monochromatic radiations collimated to concentrate at the 
sample. In this experiment, diffraction was carried out using RIGAKU ULTIMA MODEL IV in 
the 2θ range of 10-90ᵒ in the voltage of 40 kV. Grazing incidence angle of 2° and Cu-kα 
radiation were used for this purpose. The interaction the incident rays with the sample produces 
constructive interference (and a diffracted ray) when conditions satisfy Bragg's Law (nλ=2d sin 
θ). Fig. 3.4 shows the GIXRD machine used for analyzing the crystallographic planes of the 
samples. 
 
Fig. 3.4. Photographic image of the machine for GIXRD 
The produced diffracted X-rays during the process detected are processed and counted. 
By scanning the sample through a range of 2θ angles, all possible diffraction directions of the 
lattice should be attained due to the random orientation of the powdered material. Conversion of 
the diffraction peaks to d-spacing allows identification of the element because each element has a 
set of unique d-spacing. 
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The parameters that were selected for the GIXRD involves scanning range is in between 
0 to 120
0
 with a Kratky block collimator system. The detector was radicon curved one 
dimensional gas detector with a radius of 11 mm and a 2θ degree of 50. Analysis of the data was 
later done with X’pert High score software (Philips Analytical B.V., Netherlands). 
Williamsons-Hall plot (linear) was further employed to separately determine crystallite 
size and lattice strain [60, 61]. The Williamsons-Hall equation is given below 
     
  
 =
      
  
 +
 
 
       (3.1) 
Here β=Integral breadth of peak, θ= Braggs angle, λ= wavelength of X-ray 
radiation=0.15418 nm, L= average crystallite size measured in a direction perpendicular to the 
direction of specimen, K = a constant, can be taken as 0.9, e = strain induced. A plot 
of
     
  
against 
     
  
 gives a linear relation with a slope of 2e and intercept of 
 
 
[60, 61]. The 
integral breadth of a diffraction peak (β) was calculated after appropriate background correction 
followed by fitting the peak using Pseudo–Voigt function. Brag-Brentano mode of XRD was 
adopted for this purpose. 
3.6 Mechanical characterization 
3.6.1 Roughness measurement 
 The effect of micro-blasting on the surface roughness of the coated surface as a pre-treatment or 
post treatment was analysed.  
 
Fig. 3.5. Photographic image of surface profiler system 
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Roughness measurement of the all four samples were carried out with Stylus surface profilometer 
(make: Veeco, model: Dektak 150, USA). The roughness measurement was carried out for a stylus 
movement of 100 mm for a time duration of 50 s with a constant load of 10 mg.  From the obtained details 
average roughness Ra and maximum peaks to valley height Rt values were analysed. Rt is particularly useful 
in the current study for determining maximum depth of micro-roughening also indicative of revelation of 
carbide grains due to micro-blasting.  The arrangement for roughness measurement is shown in Fig. 3.5. 
3.6.2 Scratch test 
Coating-substrate adhesion was assessed using scratch test. It also focuses on the critical 
load at which the coating from the substrate gets removed as well as the failure mode of the 
coating. Moreover, coefficient of friction can be obtained from the scratch test result. It also 
gives the value of acoustic emission from the substance. Generally scratch testers are classified 
as  
1. Constant load scratch tester for measuring hardness and adhesion. 
2. Progressive load scratch test for practical adhesion. 
The typical Universal Material Tester, CETR, USA is also able to measure the electrical 
contact resistance and electrical surface resistance. The machine is equipped with a Rockwell C 
indenter having 0.2 mm tip radius at room temperature. Fig. 3.6 shows the schematic diagram of 
a typical scratch test technique. Scratch test is also performed to analyze the coefficient of 
friction, frictional force as well as normal force and to analyze the mode of failure.  
 
Fig. 3.6. Schematic diagram of a scratch test 
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3.6.3 Vickers microhardness 
Generally hardness of a bulk material is measured by measured by means of the size of 
the indentation. This procedure is simple and fast. However, measurement of hardness of thin 
film is tricky, since there is contribution from the substrate unless depth of indentation is ultra-
small.  In fact, the maximum indentation depth should be less than 10% of the coating thickness 
to ensure film hardness. As such nanoindentation is the preferred option. However, in the 
absence of nanoindenter Vickers micro hardness is also employed in which composite coating 
hardness is considered. The test method consists of indenting the samples to be tested by means 
of diamond indenter, in the form of a right pyramid with a square base. The angle between the 
opposite faces is 136°. A load 50 gm was used with a dwell time 15 s.  
The Vickers hardness number is given as:  
2
2Psin(α/2)
HV=
d
         (3.2) 
where P is the applied load in kgf, α is the angle between opposite faces of the diamond 
indenter, 136° and d is the mean diagonal of the indentation in mm. Vickers microhardness tester 
(model: LECO LM 700)was used to find out the composite hardness of untreated and different 
coated samples.  
 
 
Fig. 3.7 Photographic image of the Vickers micro-hardness tester 
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3.7 Performance evaluation in machining 
 The performance evaluation of the surface treated as well as non-treated PVD AlTiN 
coated cemented carbide tools was carried out by turning on 17-4 PH stainless steel. The 
elemental composition and the properties of the selected martensitic stainless steel are shown in 
Table 3.6 and Table 3.7 respectively. 
Table 3.6.Elemental composition of 17-4 PH martensitic stainless steel [62] 
Element C Mn P S Si Cr Ni Cu 
Ti + 
Nb 
Composition 
(Wt %) 
0.07 1 0.04 0.03 1 17.5 5 5 0.45 
 
Table 3.7.Different properties of 17-4 PH martensitic stainless steel [63] 
Property Value 
Tensile Strength (MPa) 850-1270 
Proof stress (MPa) 600-1150 
Elongation (% in 50mm) 3-14 
Rockwell C hardness 35 
Mean coefficient of thermal 
expansion (m/m-K) 
10.8 
Modulus of elasticity (GPa) 196 
Density (kg/m
3
) 7750 
Thermal Conductivity (W/mK) at 
500 °C 
18.4 
Shear strength (GPa) 77.4 
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The performance evaluation was carried out with a heavy duty lathe machine (Make: 
Hindustan Machine Tools (HMT) Ltd., Bangalore, India; Model: NH22). The workpiece used for 
the operation was 650 mm in length and has a diameter of75 mm. Machining was performed in 
dry environment at three levels of cutting speed, that is low, medium and high speed with 
constant feed of 0.2 mm/rev and a depth of cut of 1 mm. Three edges of the cutting tools were 
used for three different speeds. Tool holder with ISO designation of SSBCR 2020K12 
(Kennametal, India) was used for all coated cutting tools. After 60 s of machining the cutting 
was interrupted for taking optical images to analyse the flank wear as well as crater wear.  Force 
values were measured with 4-channel piezoelectric dynamometer (Make: Kistler) in combination 
with data acquisition system (Make: National Instruments, India). The setup used for carrying 
out turning operation is shown in Fig.3.8 and Fig. 3.9. 
 
Fig.3.8. Experimental set up for turning operation 
Coated tools used for low cutting speed (80 m/min) were continued only for 60 s of 
machining for measurement of cutting forces and showing condition of coating after initial 
duration. On the other hand, machining trials with the same coated tools were continued till tool 
failure (average flank wear of 0.3 mm) under high (150 m/min) and medium cutting speeds (120 
m/min). Table 3.8 shows the different parameters and conditions selected for machining 
operation. 
Dynamometer 
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Fig.3.9. Closer photographic views of set up including (a) tool and workpiece, (b) charge 
amplifier and (c) data acquisition system   
Table 3.8.Different parameters selected for turning operation. 
Work piece Martensitic stainless steel (17-4 PH) 
Cutting velocity (m/min) 80, 120, 150 
Feed (mm/rev) 0.2 
Depth of cut (mm) 1 
Environment Dry 
Tool designation SCMT 120408 
Coatings on the cutting tool PVD AlTiN 
Tool geometry 6°, 6°, 6°, 6°, 15°, 75°, 0.8 (mm) 
Workpiece 
Coated tool 
Data 
acquisition 
system 
Charge amplifier 
(a) (b) 
(c) 
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17-4 PH stainless steel is a martensitic precipitation hardenable stainless steel whose 
microstructure is mostly austenitic in nature at high annealing temperature and at room  
temperature with  higher  cooling  rate  the  austenitic  phase  changes  to  martensitic phase. It 
mainly consists of 17% of chromium and 4% of nickel as its major alloying elements with small 
% of copper in the form of precipitates. Machining of 17-4 PH stainless steel is not of great 
challenge in its annealed stage except built-edge-formation and difficulty in controlling long and 
continuous chips [64, 65, 66]. However, when the same material is cooled to room temperature 
hard martensitic phase is formed making its machinability much more difficult. Major challenges 
involved in machining 17-4 PH martensitic stainless steel include the following [64, 66] 
 Built up edge 
 Work hardening 
 Chip breakage 
 Control of chip 
Difficult-to-cut material like 17-4 PH martensitic stainless steel has been chosen the work 
material in the study so that influence of different surface treatments can be more effectively 
investigated. 
The other properties of 17-4-PH stainless steel include  
 High tensile strength  
 High hardness  
 Good toughness   
 Highly resistance to corrosive 
environment  
 Good weldability and formability 
17-4 PH stainless steel is typically used in manufacturing following components
 Turbine parts. 
 Bearings. 
 Tanks and submarines (defense 
sector) 
 Gears. 
 Valves. 
 Offshore oil and gas component 
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CHAPTER 4 
RESULTS AND DISCUSSION
4.1 Effect of micro-blasting on physical and mechanical characteristics of the 
coating 
4.1.1 Surface morphology 
As-deposited coating (C) exhibits rougher surface morphology with larger micro-droplets 
and more number of micro-voids. On the other hand, smooth morphology with less number of 
pores can be visible on the coated surface with prior micro-blasting (M+C). Even the dimple-like 
structure is detected which is possibly the result of substrate deformation due to prior micro-
blasting pre-treatment (M+C). Coating grows over these defect sites and follows the same 
texture. One of the primary purposes for post-treatment is densification and compaction of 
coating. Therefore, the coated surface with post-micro-blasting (C+M) hardly reveals any pore as 
shown in Fig. 4.1(c).  
  
  Fig. 4.1.Surface morphology of (a) untreated, (b) prior micro-blasting, (c) post micro-blasting 
and (d) both pre- and post-micro-blasting configurations 
Similar morphology has also been obtained for coated surface with both prior and post-
micro-blasting (M+C+M). It further reveals dimple-like impression owing to prior substrate 
Pores 
Impression of 
micro-dimples 
Impression of 
micro-dimples 
5µm 
5µm 5µm 
5µm 
Micro-droplets a 
c d 
b 
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deformation. However, absence of additional deformation marks due to post-treatment is due to 
micro-blasting with lower pressure (0.3MPa as against 0.6MPa for pre-treatment) and AlTiN 
coating being much harder than tool substrate. 
4.1.2 Fractured cross section 
Fractured cross-section of AlTiN coatings with or without micro-blasting is depicted in 
Fig. 4.2. While as-deposited coating (C) does not reveal any roughening of either interface or 
coated surface, the sample with prior micro-blasting (M+C) clearly demonstrated engineered 
interface of coating and substrate which is typically responsible for improved coating adhesion. 
Similarly, post-treated coated specimen (Fig 4.2(c)) reveals undulation on the top surface, while 
AlTiN coating with both prior and post-micro-blasting (M+C+M) exhibits roughening both at 
substrate and coating surface. For further understanding the effect of micro-structural alternation, 
knowledge of coating-substrate adhesion and hardness of coating is also required. 
 
 
Fig. 4.2. Fractured cross section of the (a) as-deposited, (b) pre-treated coated, (c) coated post-
treated and (d) both pre- and post-treated coated tool 
a 
b 
c 
 
d 
3 µm 3 µm 
3 µm 
 
3 µm 
Smooth substrate 
and surface 
Roughened 
substrate  
Roughened surface Roughened substrate and  
surface 
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4.1.3 Chemical composition 
Influence of micro-blasting both as pre-treatment as well as post-treatment techniques has 
been investigated on chemical composition of coating using EDS and detailed results have been 
provided in Table 4.1 including spectra as well as composition. Little consideration will indicate 
that as-deposited coating (C) approximately conforms to the formation of Al0.54Ti0.46N, while 
relative atomic percentage changes due to micro-blasting. For pre-treated specimen, high atomic 
percentage of N2 might be explained by the preferential nitriding of activated nucleation sites due 
to substrate micro-blasting. However, any significant alternation in Al/Ti ratio may hardly be 
observed. Preferential growth of nitride phase on sites with high defect density due to energetic 
ion bombardment (substrate bias potential) has also been observed and discussed by Glatz et al 
[67]. However, when the coated tool is subjected to micro-blasting, there is a slight depletion of 
nitrogen content. This might be attributed to favoured removal of lighter element nitrogen. This 
might be particularly more prominent for AlN phase since higher Al/Ti ratio has been noted. 
Interestingly, conflicting phenomena (increase and decrease of N2 content) seem to 
approximately cancel each other for pre- and post-treated (M+C+M) specimens with almost 
similar composition as that of deposited coating. 
Table 4.1. EDS results of untreated and different treated AlTiN coated tools 
Sample details EDS Elemental 
composition 
As-deposited 
coating (C) 
 
Eleme
nt 
Wt % At % 
Ti 40.93 22.73 
Al 31.82 26.89 
N 27.25 50.38 
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Pre-treated coating 
(M+C) 
 
Eleme
nt 
Wt % At % 
Ti 40.79 20.58 
Al 31.10 24.20 
N 28.11 55.22 
 
Post-treated coating 
(C+M) 
 
Eleme
nt 
Wt % At % 
Ti 40.26 22.23 
Al 33.33 30.17 
N 26.41 47.56 
 
Combination of 
pre-treated and 
post-treated coating 
(M+C+M) 
 
Eleme
nt 
Wt% At % 
Ti 41.64 21.38 
Al 30.01 26.47 
N 28.35 52.15 
 
 
4.1.4 Crystalline phases and crystallite size 
Influence of micro-blasting prior to and post-deposition of AlTiN coating has been 
studied using GIXRD technique. The patterns clearly indicate the formation of crystalline phases 
consisting of cubic TiN and AlN phases as indicated in Fig. 4.3. In addition to this, peak 
broadening and shifting of peaks to lower angle for micro-blasted specimens in comparison with 
untreated (C)AlTiN coated tool has been noted. This observation is indicative of introduction of 
compressive residual stress and grain refinement due to micro-blasting. 
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Fig. 4.3. GIXRD patterns for untreated and different treated AlTiN coated samples 
Crystallite size and lattice strain have been determined from Williamson-Hall plot using 
XRD patterns obtained using Brag-Brentano mode. Result plotted in Fig. 4.4 also corroborates 
the reduction in grain size due to micro-blasting used both as pre-treatment as well as post-
treatment technique. When micro-blasting is carried out on substrate, creation of more number of 
preferential nucleation sites is primary reason behind the grain refinement. Similar observation 
has also been noted for plasma etching technique [7, 8].  
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Fig. 4.4. Plot for crystallite size and lattice strain obtained from Williamsons-Hall analysis 
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Micro-blasting of coating at lower pressure (0.3 MPa) also promotes reduction in grain 
size due to low intensity bombardment using Al2O3 particles. Such grain refinement finally leads 
to an increase in coating hardness. Decrease in lattice strain might be the effect of relieving of 
tensile stress gained during manufacturing of tool substrate which is powder metallurgy followed 
by grinding operation. It is also evident that reduction in grain size is not affected by the strain, 
rather by the treatment technique that is micro-blasting. Moreover, Fig. 4.4 also reveals that post 
treatment (C+M) caused reduction in grain size and lattice strain compared to only pre-treated 
(M+C) sample. It might be explained by the fact that these two parameters are more directly 
affected by micro-blasting of coating (C+M). On the other hand, for pre-treated sample (M+C), 
coating grows on micro-blasted substrate and hence is not directly subjected to micro-blasting. 
4.1.5 Adhesion between coating and substrate 
Effect of micro-blasting as various surface treatment techniques on coating substrate 
adhesion has been carried out using micro-scratch test. Adhesive failure of the coating is 
identified from the perturbation of acoustic emission (AE) signal. Variation of normal load, 
friction force, coefficient of friction (COF), and AE voltage against duration of scratch test have 
been shown in Fig. 4.5 for all AlTiN coated samples. As for as-deposited coating (C) trace of 
adhesive failure can be noted corresponding to a normal load of 40 N. Average COF has been 
found to be 0.3. On the other hand, COF for only prior micro-blasted AlTiN coating (M+C) and 
that with both pre- and post-micro-blasting (M+C+M) has been found to be 0.5 and 0.3 
respectively. Average COF of only post-micro-blasted (C+M) sample was higher with a value of 
approximately 0.25,for only pre-treated coating initial perturbation of AE signal has been noted 
indicating minor rupture of coating, not complete failure. For post-treated sample (C+M) 
prominent perturbation in AE signal has been again noted under normal load of around 40 N. 
Interestingly there was hardly any prominent fluctuation in AE signal for both pre- and post-
treated  (M+C+M) coating. Evidently, possibility of failure of coating under adhesive mode 
could be restricted with the retention of low friction characteristics during the entire duration of 
scratch test. Results indicate that resistance to both cohesive failure as well as adhesive failure 
could be imparted to AlTiN coating when the same was subjected to both pre and post-micro-
blasting while adhesion could be improved by prior micro-blasting (M+C). There was indication 
of early failure of coating possibly under cohesive mode which has been eliminated with the help 
of post-deposition micro-blasting. 
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4.1.6 Surface roughness 
Surface roughness, in the form of center line average (Ra) and maximum surface 
roughness (Rt) are important mechanical characteristics to understand the effect of micro-
blasting used as pre- and post-treatment techniques on coating strength or adhesion between 
coating and substrate. It is evident from Fig. 4.6 that micro-blasting definitely causes some 
degree of roughening of the substrate (pre-treatment) and coated surface (post-treatment). 
Surface roughening due to micro-blasting is the result of deformation due to bombarding Al2O3 
particles in combination with removal of binder phase of cemented carbide i.e. cobalt and 
resulting revelation of WC grains [4]. Roughening of substrate is particularly helpful in 
Fig.4.5. Micro scratch test results of (a) as-deposited, (b) pre-micro-blasted, (c) 
post-micro-blasted and (d) pre- and post-treated coated tools 
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augmenting mechanical interlocking between coating and substrate which would lead to superior 
adhesion. Comparison of surface roughness of uncoated with as-deposited sample (C) and the 
same with the prior micro-blasting (M+C) indicates small amount of reduction in surface 
roughness due to deposition of coating. 
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Fig.4.6. Surface roughness of uncoated, untreated and different treated AlTiN coated tools 
4.1.7 Vickers microhardness 
Coating hardness for different samples as obtained from nano-indentation has been 
plotted in Fig. 4.7. It may be noted that substrate micro-blasting could not improve the hardness 
whereas that of AlTiN coating significantly increased to about 27GPa. This phenomena might be 
ascribed to low pressure (0.3 MPa) bombardment by Al2O3 abrasives, the kinetic energy of 
which is responsible to make the coating denser along with reduction in grain size as observed 
from Fig. 4.4. 
As-deposited Pre-treated Post treated Both treated
0
500
1000
1500
2000
2500
3000
(M+C+M)(C+M)(M+C)(C)
 
 
M
ic
ro
-h
a
rd
n
e
s
s
 (
H
V
0
.0
5
)
Condition of coating  
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While pre- and post-treated sample (M+C+M) did not exhibit any significant 
improvement in coating hardness, high adhesion along with hardness of the same coated sample 
might be suitable for functional applications. 
4.2 Effect of micro-blasting on the machining performance of the coated tool 
4.2.1 Cutting force 
One of the major objectives of the current work is to study influence of micro-blasting as 
pre- as well as post-surface treatment methodology on machining performance of cathodic arc 
evaporated AlTiN coated tools. As explained in chapter 3, difficult-to-cut material such as 17-4 
PH martensitic stainless steel has been considered as a work piece material. Machining 
performance has been primarily carried out in terms of cutting force, coefficient of friction, chip 
reduction coefficient and tool wear of coated tool. Fig. 4.8 shows variation of main cutting force, 
thrust force and feed force while machining with and without treated coated tools under three 
different cutting speeds. There was a clear decreasing trend of main cutting force with cutting 
speed. At low cutting speed (80 m/min), minimum force was obtained with pre-treated tool while 
pre- and post-treated (M+C+M) tool resulted in significant reduction as the cutting speed was 
further elevated. The combination of pre- and post-treatment was in fact more beneficial under 
high cutting speed condition with force reduction as high as 27% compared to as-deposited (C) 
specimen. In fact minimum decrease has been noted under lowest cutting speed (80 m/min). 
Another interesting point to be noted is cutting force obtained with only post-treated coated 
(C+M) tool was markedly less than the pre-treated coated tool under the highest cutting speed. 
Therefore, it can be concluded cutting force at lower cutting velocity is related to coating 
adhesion, whereas that at high cutting speed is primarily dictated by hardness and wear 
resistance properties of the coating. In the preceding section, it has already been seen post-
treatment (C+M) are actually beneficial in making the coating denser and harder leading to 
enhancement in cohesive strength. Therefore, both pre-treatment as well as post-treatment 
(M+C+M) are recommended for reduction in cutting force and therefore consumption of cutting 
power during high speed machining. There was, however, hardly any trend for other components 
of cutting force such as feed force and thrust force. As far as thrust force is concerned most of 
the coated tools except the untreated (C) one exhibited increasing trend with cutting speed. This 
increase might be attributed to rise in strain rate and consequent deformation with elevation in 
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cutting speed. Surface treatment, however, could not pinpoint any clear relation with thrust force 
or feed force. Typical variation of cutting forces during machining process obtained through data 
acquisition system is shown Fig. 4.9. Significant reduction in main cutting force (Fc) is also 
evident. Gradually, increasing trend of feed and thrust force can be explained by progression of 
flank wear [68, 69]. 
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Fig. 4.8. Comparison of (a) cutting force (b) thrust force and (c) feed force for untreated and 
different treated tools after 60 s of machining with different cutting speeds 
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Fig. 4.9.  Typical variation of (a) untreated, (b) pre-treated, (c) post-treated and (d) both prior and 
post blasted tool at high cutting speed (150 m/min) 
Fig. 4.10, Fig. 4.11 and Fig. 4.12 demonstrates the fluctuation of cutting force with 
machining duration during machining with cutting speeds of 120 and 150 m/min. According to 
general trend, AlTiN coated tools with prior and post-deposition micro-blasting exhibited 
minimum force during machining. On the other hand, as-deposited tool without treatment and 
the one with only post-treatment consistently demonstrated higher forces. It may be noted that 
lower cutting speed, for different components of cutting force at the initial stage (T=60 s) there is 
no clear pattern of variation for different coated tools (untreated and treated). It is possibly due to 
the fact that tool wear is insignificant after 60 s of machining. Effect of surface treatment was 
(a) (b) 
(c) (d) 
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more prominent with progression of machining. Pre-treatment has been found to be more 
effective under low cutting speeds due to improved adhesion. This evident from Fig. 4.10(a), 
4.11(a), 4.12 (a).Therefore, careful surface treatment for PVD coated tool is essential for 
minimization of machining forces. 
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Fig. 4.10. Variation of cutting force with machining duration for untreated and different treated 
coated tools at (a) 120 m/min and (b) 150 m/min of cutting speeds 
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Fig. 4.11. Variation of thrust force with machining duration for untreated and different treated 
coated tools at (a) 120 m/min and (b) 150 m/min of cutting speeds 
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Fig. 4.12. Variation of feed force with machining duration for untreated and different treated 
coated tools at (a) 120 m/min and (b) 150 m/min cutting speeds 
4.2.2 Apparent coefficient of friction 
Apparent coefficient of friction during machining can be determined from equation 4.1 
and has been plotted against cutting speed after machining with 60 s as shown in Fig. 4.13. 
Friction seemed to decrease with increase in cutting speed. Again minimum friction was 
obtained with only pre-treated tool under low cutting speed and both pre- and post-treated 
(M+C+M) tool under highest cutting speed. Under low cutting speed, owing to presence of high 
frictional drag force, the interfacial strength of the coated tool faces considerable challenge. On 
the other hand, machining with high cutting speed calls for high degree of cohesion in addition to 
adhesion. Therefore, both pre as well as post-treatment was helpful in maintaining low friction 
characteristics during machining with high cutting speed. Variation of apparent coefficient of 
friction with machining duration as depicted in Fig. 4.14 also reveals superior performance of 
coated tool with both prior and post-micro-blasting. It is also interesting to note the similarity of 
this result with that obtained in scratch test (Fig. 4.5). 
Apparent coefficient of friction,app 
      (  )   
    ( )(         (  ))
    (4.1) 
where Pn = Px cos(ɸ)sin(λ)-Py sin(ɸ)sin(λ)+Pz cos(λ) 
 Pm = Px sin(ɸ)+Py cos(ɸ) 
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 ɣn= normal rake angle, deg. 
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Fig. 4.13. Variation apparent coefficient of friction with cutting speed for untreated and different 
treated coated tools 
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Fig. 4.14. Variation of apparent co-efficient of friction with machining duration for as-deposited 
and different treated coated tools at (a) 120 m/min and (b) 150 m/min 
4.2.3 Chip reduction coefficient 
Chip reduction coefficient has been obtained from equation 4.2 and the same has been 
plotted against different cutting speed, as shown in Fig. 4.15. It is evident that increase in cutting 
speed resulted in reduction in chip reduction coefficient primarily due to reduction in dynamic 
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friction at high cutting speed. Although the reduction with pre and post-micro-blasting was not 
prominent at low cutting speed, it became more pronounced as the cutting speed was gradually 
elevated up to 150 m/min. 
                          (   )  
  
  
   (4.2) 
where t2=chip thickness, mm 
 t1= undeformed chip thickness, mm. 
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Fig. 4.15.Variation of chip reduction coefficient of untreated and different treated coatings with 
cutting speed 
 Variation of chip reduction coefficient with machining duration has been shown in Fig. 
4.16 for cutting speeds of 120 and 150 m/min. The figure also clearly establishes the potential of 
AlTiN coated tool with both prior and post-micro-blasting in reducing chip reduction coefficient 
which is indicative of improved machinability. Such reduction can be related to remarkable 
resistance to coating delamination and hence tool wear which are responsible for low friction 
characteristics of pre-treated and both pre- and post-treated coated tools (Fig. 4.13 and 4.15). 
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Fig. 4.16. Chip reduction coefficient of as-deposited and different treated coated tools at (a) 120 
m/min and (b) 150 m/min after 480 s of machining 
4.2.4 Tool wear 
Although coating adhesion has been assessed with the help of micro-scratch test, more 
practical way of evaluating interfacial strength is possibly machining test itself in which the 
coated tool encounters more severe contact condition in terms of stress and temperature. 
Therefore, to further ascertain the mechanism of surface treatment (pre- and post-treatment), 
wear of coated tool both at rake and flank faces has been investigated. First, rake face of 
different coated tool specimens under lowest (80 m/min) and highest (150 m/min) cutting speeds 
has been captured using optical microscopy after 60 s of machining and depicted in Fig. 
4.17.Careful investigation of the images would reveal excellent retention of coating subjected to 
both prior and post-deposition micro-blasted coating (M+C+M). Significant coating damage is, 
however, visible for untreated (C) sample only after 60 s of machining with low (80 m/min) and 
high (150 m/min). This can be explained by delamination due to improper coating adhesion in 
the absence of any coating surface treatment. Evidently, either pre-treatment or post-treatment 
alone has almost eliminated coating damage under low cutting speed. However, partial removal 
of coating which took place for both such tools, as indicated in Fig. 4.17, was more pronounced 
for untreated tool (C) under high cutting speed. In order to more clearly establish the mechanism 
and effect of micro-blasting on wear of coated tools, SEM images of rake surface of different 
tools after machining with a cutting speed of 80 m/min. is shown in Fig. 4.18. Performance 
enhancement of AlTiN coating in terms of resistance to delamination due to micro-blasting both 
(a) (b) 
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prior to and post deposition can be clearly noticed. Moreover, capability of coating retention is 
better for only pre-treated (M+C) tool compared to only post-treated (C+M) one. 
As-deposited tool (C) 
 
  
Coated tool with prior micro-blasting 
(M+C) 
 
  
Coated tool with post-micro-blasting (C+M) 
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Coated tool with both prior and post-micro-
blasting (M+C+M) 
 
  
 
Fig. 4.17.Condition of rake face for different coated tools under (a) low cutting speed of 80 
m/min and (b) high cutting speed of 150 m/min after 60 s of machining 
  
  
Fig. 4.18.SEM images of the as-deposited and treated tools at a cutting speed of 80 m/min after 
60 s machining 
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Fig. 4.19.EDS results of the selected regions from SEM images of Fig. 4.18 
 
The condition of tools after 5 min and 8 min of machining under the cutting speeds of 
120 and 150 m/min has been demonstrated in Fig. 4.20 and 4.21respectively with the help of 
optical microscopic images. Careful study of these images would reveal that significant wear of 
coating as well as tool flank took place on untreated (C) and only post-treated tool (C+M) after 8 
min of machining under both 120 and 150 m/min. After 5 min of machining wear of coated tool 
was obviously quite lower. Improved adhesion was evident with the pre-treated tool (M+C). 
However, superior resistance to coating failure and tool wear as a whole could be achieved with 
AlTiN coated tool with both prior and post-deposition micro-blasting (M+C+M). 
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Fig. 4.20. Optical images of untreated and different treated inserts after machining with a cutting 
speed of 120 m/min 
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Fig. 4.21. Optical image of untreated and different inserts after machining at a cutting speed of 
150 m/min 
 Results were analysed using SEM and EDS to further ascertain the claim. Fig. 4.22 
demonstrates SEM images of rake face after 5 and 8 min of machining under 120 m/min along 
with EDS spectra and composition on selected regions in Fig. 4.23. Similarly, Fig. 4.24 and 4.25 
reveal the same for higher cutting speed of 150 m/min. Significant delamination of coating from 
rake face of untreated tool (C) is visibly evident for untreated (C) tool only after 5 min of 
machining which got aggravated further. The condition of all the treated tools was much better 
with hardly any trace of peeling off coating from rake face while machining with 120 m/min 
which is shown in Fig. 4.22. With the elevation of cutting speed up to 150 m/min, increase in 
strain rate and plastic deformation of work material which is typical feature of stainless steel 
along with high cutting temperature subjects the coating under more severe thermo-mechanical 
loading. 
 With increase in cutting speed, two mutually competing phenomena take place. Rise in 
strain rate and plastic deformation of martensitic stainless steel might indeed increase cutting 
force and tool wear particularly in the of edge deformation, chipping and attrition. On the other 
hand, escalation in cutting temperature with cutting speed typically results in thermal softening 
of work material and diffusion wear of tool. Reduction in cutting force with speed for best 
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performing coated tool (M+C+M) might be attributed to dominance of thermal softening and 
remarkable resistance to wear (edge deformation, chipping etc.) of the same tool. 
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Fig. 4.22. SEM images showing condition of rake surface of untreated and different treated 
inserts at a cutting speed of 120 m/min 
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Fig. 4.23.EDS results of the selected regions from SEM images of Fig. 4.22 
Therefore, strength of coating in terms of cohesion and adhesion would be still more 
important under high cutting speed condition. It is interesting to note that only partial removal of 
coating adjacent to cutting edge has been noted for both pre- and post-treated  (M+C+M) tool 
even after machining for 8 min, while for untreated (C) and post-treated (C+M) tools significant 
delamination of coating already started only after 5 min of machining. Prior micro-blasted 
(M+C) tool also could not improve the situation. Removal of coating and formation of built-up-
edge (BUE) or built-up layer (BUL) have been ascertained with EDS results which have been 
provided in Fig. 4.23 and 4.25 corresponding to selected zones as indicated in SEM images in 
Fig. 4.22 and 4.24. 
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Fig. 4.24. SEM image of propagation of crater wear on the tool surface at a cutting speed of 150 
m/min 
 
Fig. 4.25. EDS results of the selected regions from SEM images of Fig. 4.24 
Progression of flank wear has been recorded using optical microscopic images which 
have been shown in Fig. 4.26 and 4.27 after 5 and 8 min of machining with the cutting speeds of 
120 and 180 m/min respectively. Growth of average flank wear with time for untreated (C) and 
treated AlTiN coated tools has been shown in Fig. 4.28. Optical microscopic images as well as 
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the graphs as shown in Fig. 4.29 clearly demonstrate the superiority in resistance to flank wear of 
AlTiN coated insert treated with micro-blasting both before and after coating deposition and 
worst performance of coated tool without any treatment. It is known that flank wear is a result of 
frictional rubbing and abrasive wear during machining. Adhesion would ensure better retention 
of coating which would continue to reduce friction at work-tool interface, while hardness of 
coating would combat abrasion during machining.  
It is also interesting to note that resistance to flank wear was in fact more for both treated 
tools (M+C+M) under higher cutting speed of 150 m/min. This was due to greater thermal 
stability of AlTiN coating which was successful in maintaining its higher hardness (caused by 
micro-blasting) under elevated cutting speed. Therefore, micro-blasting as pre- well as post-
treatment technique for PVD coating is more useful in restricting flank wear during high speed 
of machining of difficult-to-cut stainless steel than when the same technique is used in either of 
the cases only. 
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Fig. 4.26.Optical images indicating flank wear of untreated and different treated inserts at a 
cutting speed of 120m/min 
 
 
Condition 
of tool 
After 300 s After 480 s 
C 
 
Failed earlier 
M+C 
  
77 
 
C+M 
 
Failed earlier 
M+C+M 
  
 
Fig. 4.27.Optical images indicating flank wear of untreated and different treated inserts at a 
cutting speed of 150m/min 
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Fig. 4.28.Variation of flank wear of the untreated and different treated coated tools with cutting 
speed after 60 s of machining 
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Fig. 4.29. Evolution of flank wear of untreated and different treated coated tools with 
progression of machining with cutting speeds of (a) 120 m/min and (b) 150 m/min after 480 s of 
machining. 
After evaluating all the results in machining carefully, it is evident that strong coating 
adhesion is a primary requirement which can be promoted using micro-blasting prior to 
deposition (pre-treatment). On the other hand, cohesive strength leading to densification of 
coating which is also important in addition to interfacial strength, particularly for high speed 
machining can be achieved with the help of post-deposition micro-blasting. However, as 
suggested in literature, careful control of process parameters during surface treatment is 
important. 
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CHAPTER 5 
CONCLUSIONS, MAJOR CONTRIBUTIONS AND FUTURE SCOPE OF 
WORK 
5.1 Conclusions 
The present research work utilizes micro-blasting both as pre as well as post- treatment 
using Al2O3 abrasives for cathodic arc deposited AlTiN coating. The results can be summarized 
as follows:  
1. Micro-blasting of substrate causes removal of binder cobalt and micro-roughening of 
substrate surface which is responsible for improved coating adhesion.  
2. Clear improvement in adhesion of AlTiN coating with prior micro-blasting has been noted 
from scratch test. Post treatment could not however significantly enhance substrate adhesion. 
3. Micro-blasting after coating deposition increases hardness due to low energy bombardment 
with Al2O3 particles.  
4. The same treatment also results in larger number of nucleation sites finally leading to grain 
refinement of coating. Grain refinement and hardness are also correlated.  
5. Surface treatment prior to or post deposition also has significant influence on the 
performance of AlTiN coating. Untreated coated tool exhibits clear delamination of coating 
under all cutting condition which has been successfully restricted with the help of micro-
blasting. Minimum coating removal was obtained with the coated tool with both prior and 
post deposition micro-blasting.  
6. Significant reduction in cutting force up to 27% is observed using AlTiN coated tool 
subjected to both pre- and post-treatment.  
7. The same tool is also successful in bringing down in chip reduction co-efficient.  
8. While tool wear progression of only pre-treated and pre- as well as post-treated tools are 
similar under lower cutting speed (120 m/min), the latter clearly outperformed all the tools 
under higher cutting speed (150 m/min). 
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5.2 Major contributions 
The study establishes the potential of micro-blasting which can be utilized both as pre-
treatment  as  well  as  post-treatment  technique  for  improving  microstructure,  properties  and  
cutting performance of PVD AlTiN coated tool. Effect of pre- and post-treatment has also been 
studied in turning process. Therefore, the outcome of the research work is expected of great deal 
of significance for the academicians, tool manufacturers and machining industries.  
5.3 Future scope of work 
Future research endeavour may be directed towards studies of following 
1. Effect of pre-treatment and post treatment on the residual stress. 
2. Effect of surface treatments on surface roughness of the machined surface. 
3. Influence of micro-blasting should be investigated on different coating and work piece 
combination in order to establish the potential of treated tools in wider working domain. 
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